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Introduction 


The  Parts  of  the  Guideline 

This  document  is  Part  8  of  a  fifteen-part  curriculum  guideline  that 
outlines  the  science  program  for  the  Intermediate  and  Senior  Divi¬ 
sions  in  Ontario  schools  and  describes  the  science  courses  that  can 
be  offered  (see  the  list  of  courses  and  their  course  codes  in  Appen¬ 
dix  A).  The  term  guideline  refers  to  the  entire  set  of  fifteen  parts. 

This  part  must  be  read  and  implemented  in  conjunction  with 
Part  1 ,  Program  Outline  and  Policy.  When  implementing  the 
courses  that  are  described  in  this  document,  teachers  are  to  incor¬ 
porate  the  many  policies  and  features  outlined  in  Part  1 ,  which  will 
enable  them  to  interpret  the  overall  intent  and  expectations  of  the 
Ministry  of  Education  in  the  science  program.  The  table  of  con¬ 
tents  for  Part  1  is  given  in  Appendix  B  at  the  end  of  this  document 
so  that  the  reader  may  have  ready  access  to  the  list  of  chapters  and 
topics  therein. 

The  provincial  science  program  for  the  Intermediate  and  Senior 
Divisions  comprises  the  courses  described  in  Parts  2  to  15.  These 
come  under  the  framework  and  policy  set  forth  in  Part  1 .  The 
entire  science  guideline  consists  of  the  following  fifteen  parts: 

Part  1:  Program  Outline  and  Policy 
Part  2:  Science,  Grades  7  and  8 
Part  3:  Science,  Grades  9  and  10,  General  Level 
Part  4:  Science,  Grades  9  and  10,  Advanced  Level 
Part  5:  Science,  Grades  9 and  10,  Basic  Level 
Part  6:  Science,  Grades  11  and  12  ,  Basic  Level 
Part  7:  Environmental  Science,  Grades  10  to  12,  General  Level 
Part  8:  Environmental  Science,  Grades  10  and  12,  Advanced 
Level 


Part  9:  Applied  Biology  and  Applied  Chemistry,  Grade  1 1 , 
General  Level 

Part  10:  Applied  Physics  and  Technological  Science,  Grade  12, 
General  Level 

Part  1 1 :  Geology,  Grade  12,  General  and  Advanced  Levels 
Part  12 :  Biology,  Grade  1 1 ,  Advanced  Level,  and  the  OAC 
Part  13:  Chemistry,  Grade  11 ,  Advanced  Level,  and  the  OAC 
Part  14:  Physics,  Grade  12,  Advanced  Level,  and  the  OAC 
Part  15;  Science  in  Society,  OAC 

The  chart  on  the  next  page  indicates  the  twenty-eight  science 
guideline  courses  that  may  be  offered  in  Grades  7  to  12  and  at  the 
OAC  level. 

Policies  and  Features  That  Apply 
Across  the  Science  Program 

Part  1  of  the  guideline  specifies  a  great  number  of  the  policies  and 
features  that  are  to  be  integrated  into  the  design  of  the  science  pro¬ 
gram  in  the  Intermediate  and  Senior  Divisions.  There  are  too  many 
of  them  to  describe  in  full  in  each  of  Parts  2  to  15,  but  the  following 
points  will  give  the  reader  some  idea  of  the  scope  that  is  involved. 
They  include: 

information  about  the  science  credits  that  are  required  for  the 
earning  of  the  Ontario  Secondary  School  Diploma; 
a  list  of  science  courses  that  are  prerequisite  to  other  science 
courses; 

the  policy  regarding  mandatory  student  activities  in  the  science 
laboratory; 

a  list  of  the  aims  of  the  science  curriculum  and  the  various 
emphases  that  may  be  used  to  blend  these  aims  with  scientific 
content; 

policy  governing  time  allocations  for  units  of  study  and  the 
order  in  which  core  and  optional  units  may  be  taught; 
stipulations  about  locally  designed  units; 
suggestions  about  preferred  routes  that  students  might  take 
through  the  science  program  in  a  secondary  school; 

■  recommendations  related  to  exceptional  students,  individual¬ 
ized  instruction,  life-management  skills,  career  awareness,  the 
role  and  evaluation  of  language  in  science  courses,  and  a  bal¬ 
anced  perspective  on  the  role  of  both  girls  and  boys  in  science; 
recommendations  on  the  introduction  and  handling  of  sensitive 
issues; 

specific  suggestions  about  resources  for  the  teaching  of  science; 
ideas  about  different  modes  of  delivering  science  courses, 
including  the  co-operative  education  mode; 
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Authorized  Science  Guideline  Courses, 
Intermediate  and  Senior  Divisions 


Grade  7 

Science 

Grade  8 

Science 

Basic  Level 

General  Level 

Advanced  Level 

Grade  9 

Science  (SNC  IB) 

Science  (SNC1G) 

Science  (SNC  1  A) 

Grade  10 

Science  (SNC2B) 

• 

Science  (SNC2G) 

Science  (SNC2A) 

Environmental  Science  (SEN2G) 

Environmental  Science  (SEN2A) 

Grade  11 

Science  (SNC3B) 

Applied  Biology  (SBA3G) 

Biology  (SBI3A) 

Applied  Chemistry  (SCA3G) 
Environmental  Science  (SEN3G) 

Chemistry  (SCH3A) 

Grade  12 

Science  (SNC4B) 

Environmental  Science  (SEN4G) 

Environmental  Science  (SEN4A) 

Geology  (SGE4G) 

Geology  (SGE4A)* 

Applied  Physics  (SPA4G) 
Technological  Science  (STE4G) 

Physics  (SPH4A) 

OACs 

Biology  (SBI0A) 

Prerequisite  -  Biology  (SBI3A) 

Chemistry  (SCHOA) 

Prerequisite  -  Chemistry  (SCH3A) 

Physics  (SPHOA) 

Prerequisite  -  Physics  (SPH4A) 

Science  in  Society  (SSOOA) 

Prerequisite  -  One  of: 

Biology  (SBI3A) 

Chemistry  (SCH3A) 
Environmental  Science  (SEN4A) 
Geology  (SGE4A)* 

Physics  (SPH4A) 

‘Since  the  Grade  12  advanced-level  geology  course  described  in  the  guideline  (see  Part  11)  may  be  taught  under  the  aegis  of  a  geography 
department  as  Geology  (GGE4A)  -  note  the  course-code  change  -  then  either  Geology  (SGE4A)  or  Geology  (GGE4A)  may  count  as  a 
prerequisite  to  Science  in  Society  (SSOOA). 
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policy  pertaining  to  the  significant  role  to  be  played  by  measure¬ 
ment  and  metric  units  in  science  courses; 
stipulations  related  to  the  treatment  of  symbols,  significant 
digits,  and  mathematical  problem  solving; 
recommendations  concerning  the  roles  to  be  played  by  calcula¬ 
tors  and  computers  in  science  courses; 
specific  directions  about  safety; 
policy  and  principles  pertaining  to  the  evaluation  of  student 
achievement; 

policy  regarding  differences  in  the  treatment  of  science  courses 
at  the  three  levels  of  difficulty; 

many  suggestions  about  implementing  the  science  program. 

It  cannot  be  emphasized  strongly  enough  that  teachers  of  science 
must  integrate  the  policy  and  recommendations  outlined  in  Part  1 
with  the  teaching  of  science  and  cannot  simply  rely  on  the  course 
descriptions  given  in  Parts  2  to  15  of  the  guideline. 

The  Science  Curriculum  Continuum 

By  the  time  students  have  reached  the  Senior  Division,  they  will 
have  experienced  first  a  unified  approach  in  the  Primary  andjunior 
Divisions,  in  which  science  is  related  to  a  number  of  other  subject 
areas,  and  then  a  diversified  approach  to  a  mosaic  of  science  disci¬ 
plines  -  biology,  chemistry,  physics,  and  environmental  science  - 
in  the  Intermediate  Division.  In  the  Senior  Division  they  are  pro¬ 
vided  with  a  specialized  approach,  in  which  the  science  courses 
deal  with  a  single  discipline  at  a  time. 

Although  these  approaches  -  unified,  diversified,  and  specialized  - 
provide  different  ways  of  dealing  with  the  subject,  the  intention  is 
to  ensure  that  there  is  a  continuum  throughout  the  years.  For 
instance,  the  Grade  10  environmental  science  course  outlined  in 
this  document  is  an  extension  of  the  science  courses  offered  in 
Grades  7  to  9,  particularly  of  those  units  of  study  dealing  with  the 
life  and  environmental  sciences.  Similarly,  the  Grade  12  advanced- 
level  course  in  environmental  science  builds  on  the  Grade  10 
advanced-level  course. 

Teachers  of  environmental  science  should  be  aware  of  the  subject 
matter  contained  in  other  science  courses  so  that  their  courses  can 
be  planned  to  complement  the  other  courses. 

In  all  environmental  science  courses  the  core  units  and  the  pre¬ 
scribed  number  of  optional  units,  if  any,  are  to  be  included.  The 
time  allocation  for  each  unit  of  study  should  act  as  a  guide  in  help¬ 
ing  teachers  devote  an  appropriate  amount  of  time  to  each  of  the 
units  in  a  course.  This  is  important  in  view  of  the  continuum  from 
one  course  to  another  and  to  postsecondary  science  programs. 


Compulsory  and  Prerequisite 
Courses 

In  the  secondary  school  program,  two  science  courses  are 
required  among  the  compulsory  subjects  that  are  necessary  for  the 
earning  of  the  Ontario  Secondary  School  Diploma.  It  is,  therefore, 
anticipated  that  most  of  the  students  who  enrol  in  Senior  Division 
advanced-level  environmental  science  courses  will  also  have  taken 
Grade  9  and  10  science  at  the  advanced  level. 

Curriculum  Emphases 

It  is  recommended  that  teachers  organize  each  of  the  courses 
described  in  this  document  around  a  particular  curriculum  empha¬ 
sis  or  set  of  emphases .  Such  emphases  give  the  curriculum  a  special 
focus  that  can  be  introduced  in  addition  to  the  content  and  pro¬ 
cesses  outlined  in  the  courses.  This  approach  is  discussed  in  sub¬ 
section  3.4,  “Curriculum  Emphases  -  Blending  Curriculum  Aims 
With  Content’’,  of  Part  1  of  the  science  guideline.  A  list  of  emphases 
is  given  in  table  2  of  that  subsection.  These  emphases  will  enhance 
the  development  of  the  science  courses  described  in  this  docu¬ 
ment.  A  particular  emphasis  that  is  stressed  throughout  an  entire 
course  or  for  one  or  more  units  at  a  time  needs  to  be  highlighted  so 
that  it  becomes  a  focal  or  integrating  theme. 

Student  Activities 

In  each  unit  of  study  there  is  a  section  entitled  “Student  Activities”. 
This  section  indicates  the  mandatory  laboratory  activities  required 
of  students.  Teachers  may  substitute  equivalenthbontory  activi¬ 
ties  where  appropriate.  Those  activities  that  are  actually  to  be  per¬ 
formed  by  students  themselves  are  marked  with  asterisks.  If  time 
and  circumstances  permit,  the  teacher  should  encourage  students 
to  do  some  or  all  of  the  unmarked  activities  as  well.  However,  such 
activities  may  be  demonstrated  by  a  student  or  the  teacher  or  may 
be  discussed  in  conjunction  with  a  textbook,  film,  computer  pro¬ 
gram,  or  other  learning  material  used  as  a  resource.  In  any  event, 
the  scientific  concepts  and  principles  related  to  such  unmarked 
activities  and  identified  in  the  objectives  of  the  unit  of  study  shall 
be  considered  to  be  part  of  the  prescribed  course. 

Generally,  the  best  approach  to  the  teaching  of  science  is  to  ensure 
that  the  content  develops  directly  from  related  student  activities. 

In  each  unit  of  study  the  skills  and  processes  of  scientific  work 
should  usually  be  presented  as  the  central  component,  from  which 
the  subject  matter,  applications,  and  implications  emerge. 
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Safety 

Safety  awareness  must  be  developed  in  all  science  students.  Con¬ 
stant  attention  to  accident  prevention  is  to  be  stressed  in  all  student 
activities  and  teacher  demonstrations  in  the  laboratory.  Section  9, 
“Safety1',  in  Part  1  of  the  science  guideline  contains  the  following 
comprehensive  subsections: 

Safety  in  the  Laboratory 
Some  Recommended  Safety  Procedures 
Animal  Care  in  Science  Courses 
The  Safe  Use  of  Plants 

In  each  unit  of  study,  section  6,  “Safety  Considerations”,  acts  as  a 
reminder  of  some  of  the  safety  features  that  pertain  to  the  unit  in 
question.  General  reference,  however,  should  constantly  be  made 
to  the  safety  section  in  Part  1.  Schools  must  always  remain  on  the 
alert  in  regard  to  safety  and  maintain  an  up-to-date  safety- 
awareness  program. 

Sensitive  Issues 

The  curriculum  outlined  in  this  science  guideline  places  a  distinct 
emphasis  on  the  science-technology-society  connection.  For  this 
reason  scientific  applications  and  societal  implications  are  manda¬ 
tory  components  of  each  unit  of  study.  In  addition,  Part  1  of  the 
guideline  underlines  the  need  to  incorporate  morals/values  educa¬ 
tion  into  science  courses.  Undoubtedly,  this  will  give  rise  to  the  dis¬ 
cussion  of  some  sensitive  issues. 

Such  discussions  are  important.  Generally,  they  should  be  focused 
and  should  provide  an  open  forum  for  the  expression  of  different 
viewpoints.  In  this  regard  teachers  of  science  are  urged  to  familiar¬ 
ize  themselves  with  section  10,  “Values  in  Science  Education”,  of 
Part  1  of  the  guideline  and  to  pay  particular  attention  to  the  princi¬ 
ples  to  be  observed  when  dealing  with  sensitive  issues  in  the  sci¬ 
ence  curriculum.  These  principles  are  mentioned  in  subsec¬ 
tion  10.2  of  Part  1. 

Locally  Designed  Units 

Among  the  optional  units  in  each  of  the  courses  described  in  this 
document  is  one  entitled  “Locally  Designed  Unit”  (LDU).  Such  a 
unit  is  included  to  allow  teachers,  at  their  discretion,  to  introduce 
an  appropriate  new  area  of  environmental  science  not  described  in 
the  guideline,  to  expand  on  previous  units  or  topics  by  adding  new 
work,  or,  by  using  the  time  allocated  to  the  LDU,  to  extend  the 
time  allocations  for  the  core  units.  (See  also  Part  1 ,  subsection  5.5.) 


Evaluation  of  Student  Achievement 

In  each  unit  of  study  described  in  the  courses  outlined,  subsec¬ 
tion  5,  “Evaluation  of  Student  Achievement”,  specifies  certain 
items  that  must  be  included  in  students’  term  marks  (exclusive  of 
formal  examinations)  when  their  achievement  is  evaluated.  In 
most  units  teachers  are  required  to  evaluate  students’  activities  and 
related  laboratory  reports.  However,  the  proportion  of  the  mark 
assigned  will  vary  from  one  teacher  to  another.  In  order  that  the 
experimental  component  of  science  be  emphasized,  the  overall 
mark  for  an  entire  science  course  must  include  at  least  15  per  cent 
for  the  evaluation  of  student  achievement  in  laboratory  skills  and 
reports. 

Cross  References 

In  the  descriptions  of  each  unit  of  study  in  the  courses  outlined  in 
this  document,  cross  references  are  provided  in  parentheses. 

These  are  included  to  provide  some  examples  of  the  relationships 
that  exist  among  the  parts  of  the  unit. 
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Particular  Features  of  the 
Advanced-Level 
Environmental  Science 
Courses 


Units  of  Study  and  Their  Time 
Allocations 

The  following  chart  provides  an  overview  of  the  units  of  study  in 
the  Grades  10  and  12  advanced-level  environmental  science 
courses.  They  also  indicate  the  time  to  be  allocated  to  each  unit. 


Environmental  Science,  Grade  10,  Advanced 
Level  (SEN  2 A) 


Units  of  Study 

Time  Allocations 

Core 

1.  The  Natural  Environment 

15  h 

2.  Energy  Systems 

15  h 

3.  A  Terrestrial  Ecosystem  Study 

l6h 

4.  Population  Ecology 

l6h 

Optional 

Three  of: 

1.  Introduction  to  Soil  Science 

l6h  N 

62  h 

2.  Plant  and  Animal  Reproduction 

l6h 

3.  Essentials  of  Plant  Science 

l6h 

4.  Domestic  Animals  and  Their  Food 
Requirements 

l6h 

: 

oo 

'^tH 

3.  Microbiology 

l6h 

6.  Forestry 

l6h 

7.  Outdoor  (Survival)  Skills 

l6h 

8.  Locally  Designed  Unit 

l6h  ) 

llOh 

Particular  Features  of  the  Advanced-Level  Environmental  Science  Courses 


Environmental  Science,  Grade  12,  Advanced 
Level  (SEN4A) 


Units  of  Study 

Time  Allocations 

Core 

1.  Energy  Resources 

16  h 

2 .  An  Aquatic  Ecosystem  Study 

l6h 

3.  Environmental  Quality:  Water 

18  h 

4.  Environmental  Quality:  Air 

12  h 

Optional 

Three  of: 

1.  Applied  Genetics 

l6h  n 

62  h 

2.  Environmental  Health  Hazards 

l6h 

3.  Soils:  An  Essential  Resource 

l6h 

4.  Fish  and  Wildlife  Conservation 

l6h 

5.  Pests  and  Pest  Control 

l6h 

►  48  h 

6.  Plants,  People,  and  Environmental 
Modification 

l6h 

7.  Outdoor  (Survival)  Skills 

l6h 

8.  Locally  Designed  Unit 

l6h  > 

llOh 

Some  Teaching  Suggestions 

The  Grade  10  advanced-level  environmental  science  course  builds 
on  the  life-science  units  in  the  Grade  9  advanced-level  science 
course.  Teachers  should  be  familiar  with  these  units  and  related 
units  in  other  science  courses  so  that  the  environmental  science 
courses  may  be  designed  to  complement  the  student’s  total  sci¬ 
ence  program. 

The  core  units  in  these  two  courses  emphasize  basic  ecological 
principles  that  form  the  foundation  for  an  understanding  of  inter¬ 
actions  in  the  environment.  These  principles  can  be  applied  to  nat¬ 
ural  ecosystems,  to  industries  such  as  agriculture  and  forestry,  and 
to  problems  related  to  the  contamination  of  the  environment.  The 
choice  of  optional  units  permits  the  teacher  to  design  an  environ¬ 
mental  science  program  with  a  particular  curriculum  emphasis. 

If  the  Grade  12  course  is  the  only  advanced-level  environmental 
science  course  offered  in  a  school,  the  three  required  optional 
units  may  be  selected  from  those  listed  for  the  Grade  12  course  or 
from  the  core  and  optional  units  listed  for  the  Grade  10  advanced- 
level  environmental  science  course.  The  units  from  the  Grade  10 
course  should  be  selected  so  as  to  provide  an  appropriate  back¬ 
ground  for  the  Grade  12  course  and  to  complement  the  other  units 
chosen  for  this  course. 
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Appropriate  field  studies  are  an  integral  part  of  any  environmental 
science  course.  Often  the  objectives  of  the  units  of  study  can  be 
met  by  using  the  school  property  or  a  location  near  the  school  that 
does  not  require  an  extended  field  trip.  However,  at  least  one 
extended  field  trip  is  highly  recommended  to  accomplish  the 
objectives  of  these  courses.  Decisions  regarding  factors  such  as 
appropriate  learning  outcomes,  transportation,  safety,  meals,  and 
the  assignment  of  tasks  should  be  made  well  in  advance  of  any  out¬ 
door  excursion. 

Environmental  science  courses  can  be  enriched  through  the  use  of 
a  wide  variety  of  resources.  The  teacher  of  environmental  science 
should  involve  the  teacher  librarian  in  the  planning  of  these 
courses  so  that  appropriate  materials  are  available  and  students 
have  the  necessary  research  skills  to  use  the  resources  effectively. 


Environmental 

Science, 

Grade  10, 
Advanced  Level 

(SEN  2  A) 


Core  Units 


The  Natural  Environment 
(  Energy  Systems 

A  Terrestrial  Ecosystem  Study 
Population  Ecology 

(62  hours) 


Optional  Units 


Introduction  to  Soil  Science 
Plant  and  Animal  Reproduction 
Essentials  of  Plant  Science 
Domestic  Animals  and  Their  Food 
Requirements 
Microbiology 
Forestry 

Outdoor  (Survival)  Skills 
Locally  Designed  Unit 

(48  hours) 
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The  Natural  Environment 

Time:  15  hours 


This  unit  focuses  on  the  basic  interactions  and  cycles  that  are  part 
of  any  ecosystem.  In  order  that  students  may  appreciate  the  signifi¬ 
cant  role  that  humans  play  in  the  environment  and  the  widespread 
effects  that  humans  have  on  it,  they  must  first  have  a  basic  under¬ 
standing  of  these  interactions. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Components  of  the  environment 
The  ecological  roles  of  organisms 
Food  chains  and  food  webs 
Photosynthesis  and  cellular  respiration 
Nutrient  cycles 
The  role  of  decomposers 
Pyramids  of  numbers,  mass,  and  energy 
Interactions  within  an  ecosystem 

1-  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  complexity  of  the  geophysical,  chemi¬ 
cal,  and  biological  interactions  that  occur  in  the  environment 
(3c,  4c); 

b)  a  curiosity  about  the  role  that  organisms  fill  in  the  environment 
(3c,  3d); 

c)  an  appreciation  for  the  dependence  of  humans  on  the  environ¬ 
ment  (3a,  4a-4c); 

d)  an  appreciation  for  the  significance  of  nutrient  cycles  in  any 
sustained  ecosystem  (3d,  4b,  4c); 

e)  an  appreciation  of  the  biosphere’s  complete  dependence  on 
the  sun  as  its  sole  source  of  energy  and  the  significance  of  the 
photosynthetic  reactions  that  capture  this  energy. 


Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  observing  and  classifying  the  biotic  and  abiotic  components  of 
an  ecosystem  (2a); 

b)  conducting  a  field  study  to  investigate  the  interactions  in  an 
ecosystem  (2  a); 

c)  designing  and  conducting  experiments  to  investigate  the  role 
of  organisms  in  an  ecosystem  (2  c,  2d); 

d)  recording  data  and  reporting  on  the  results  of  a  field  study  (2a). 

Knowledge.  Students  will  be  expected  to: 

a)  list  various  items  in  an  environment  and  classify  them  as  biotic 
or  abiotic  (2a,  2b); 

b)  name  and  describe  the  role  of  various  organisms,  such  as  pro¬ 
ducers,  consumers,  herbivores,  carnivores,  omnivores,  para¬ 
sites,  scavengers,  and  decomposers  (2a,  2b); 

c)  describe  typical  food  chains  and  food  webs  found  in  a  natural 
environment  (2b); 

d)  describe  the  transfer  and  transformation  of  energy  in  a  food 
chain; 

e)  describe  the  flow  of  matter  through  a  food  chain; 

f)  briefly  describe  the  photosynthesis-respiration  cycle  in  a  sche¬ 
matic  diagram; 

g)  describe  the  significance  of  the  cyclic  process  of  respiration 
and  photosynthesis; 

h)  distinguish  between  the  recycling  of  nutrients  and  the  one-way 
flow  of  energy  in  the  photosynthesis-respiration  cycle  (2c); 

i)  construct  schematic  diagrams  to  depict  other  nutrient  cycles, 
such  as  the  carbon  cycle,  water  cycle,  and  nitrogen  cycle; 

j)  recognize  the  significance  of  soil  organisms  in  the  natural  envi¬ 
ronment  and  describe  the  role  they  play  in  many  nutrient 
cycles  (2d); 

k)  construct  pyramids  of  numbers,  mass,  and  energy  for  several 
food  chains  (2b); 

l)  give  examples  of  the  interactions  between  the  biotic  and 
abiotic  components  in  an  ecosystem. 

2.  Student  Activities 

Students  are  to: 

*a)  conduct  a  field  study  of  an  ecosystem,  such  as  a  pond,  stream, 
field,  or  an  urban  region,  identifying  the  biotic  and  abiotic 
components  and  describing  the  interactions  that  exist  (6, 8a); 

b)  observe  a  film,  video,  or  set  of  slides  showing  a  wide  variety  of 
organisms  in  the  natural  environment  and  record  the  roles  of 
these  organisms; 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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c)  conduct  an  experiment  to  observe  the  release  of  heat  energy 
from  seeds  undergoing  respiration  (e.g.,  seeds  germinating  in  a 
vacuum  bottle); 

d)  conduct  an  experiment  to  investigate  the  role  of  soil  organisms 
in  decomposing  organic  matter  (e.g.,  a  small  sample  of  paper 
buried  in  loam  soil  over  a  long  period  of  time). 

3-  Applications 

a)  Short  food  chains  make  more  efficient  use  of  matter  and  energy 
than  do  long  ones.  For  this  reason,  in  overpopulated  countries 
humans  tend  to  feed  directly  on  plant  crops  rather  than  on  agri¬ 
cultural  animals  that  have  been  fed  crops. 

b)  In  order  that  a  species  may  survive,  its  habitat  must  be  pre¬ 
served.  Parks  and  sanctuaries  may  be  established  for  this 
purpose. 

c)  Bacteria  are  useful  organisms  in  many  nutrient  cycles 
(e.g. ,  bacteria  are  used  in  the  treatment  of  sewage). 

d)  Agricultural  practices  can  deplete  the  soil.  Nutrient  cycles 
involving  animal  and  green  manure  may  be  used  to  improve 
and  replenish  the  soil. 

4.  Societal  Implications 

a)  The  natural  environment  provides  a  model  that  humans  can 
utilize  to  design  healthy  and  sustainable  urban  and  rural 
environments. 

b)  The  environment  has  a  fixed  carrying  capacity  and  is  capable  of 
supporting  a  limited  number  of  organisms. 

c)  In  order  that  humans  may  develop  healthy  and  sustainable 
environments,  matter  must  be  recycled  and  resources  must  be 
renewed  (e.g.,  through  the  recycling  of  animal  and  green  man¬ 
ure  on  agricultural  land,  reforestation,  and  the  recycling  of  met¬ 
als  in  items  such  as  cans  and  automobiles). 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  observations  and  classifications  of  biotic  and  abiotic  features  in 
an  outdoor  environment; 

b)  ability  to  design  an  experiment  to  test  a  hypothesis; 

c)  ability  to  control  variables  in  an  experiment; 

d)  ability  to  make  conclusions  from  data  collected  in  an  experi¬ 
ment  or  a  field  study. 
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6-  Safety  Considerations 

a)  Animals  observed  during  field  studies  should  be  treated  with 
caution. 

b)  Students  should  be  warned  that  some  plants  found  on  a  field- 
study  site  may  be  poisonous. 

c)  Appropriate  guidelines  should  be  established  and  followed 
during  a  field  study. 

d)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  investigate  the  effect  of  an  abiotic  factor,  such  as  temperature  or 
light,  on  the  growth  or  behaviour  of  an  organism; 

b)  construct  a  closed,  balanced  ecosystem  (e.g.,  an  aquarium  or 
terrarium); 

c)  conduct  an  experiment  to  study  respiration  in  simple 
organisms. 

8-  Some  Teaching  Suggestions 

a)  While  a  field  study  is  necessary  to  meet  the  objectives  of  this 
unit,  an  extended  field  trip  is  not  required.  The  study  can  be 
done  in  the  schoolyard,  a  vacant  lot,  a  local  park,  or  some  other 
easily  accessible  location. 

b)  Students  should  be  encouraged  to  use  all  their  senses  while 
observing  the  environment  during  a  field  study. 

c)  Suitable  plant  and  animal  material  for  classroom  investigation 
must  be  obtained  ahead  of  time. 
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Energy  Systems 

Time:  15  hours 


In  this  unit  students  consider  the  energy  flow  through  ecosystems. 
Energy  systems,  both  natural  and  manufactured,  are  described. 

The  implications  of  energy  use  by  humans  are  emphasized.  Since 
traditional  fuels  are  finite  in  supply,  energy  must  be  used  wisely. 
Consideration  must  be  given  to  both  natural  and  manufactured 
energy  systems,  and  students  should  study  the  inefficiencies  of  and 
the  pollution  from  each  energy  conversion  within  these  systems. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Natural  energy  systems 
Energy  systems  designed  by  humans 
Energy  conversions  and  efficiencies 
Non-renewable  and  renewable  energy  sources 
The  environmental  impact  of  energy  consumption 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  human  dependence  on  energy  for  survival 
(4a); 

b)  a  questioning  attitude  concerning  human  dependence  on  non¬ 
renewable  energy  (3d,  4a,  4b); 

c)  a  curiosity  about  the  benefits  and  disadvantages  of  developing 
renewable-energy  forms  (3d,  4c); 

d)  a  desire  to  change  their  own  lifestyles  in  order  to  conserve 
energy  (3e,  4c). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  classifying  various  forms  of  energy; 

b)  calculating  efficiencies  of  energy  conversions  (2  b); 


c)  using  a  systems  approach  to  analyse  energy  conversions  (2  b); 

d)  measuring  and  recording  energy  consumption  at  home  or 
school  (2f); 

e)  reading  electricity  or  natural  gas  meters  (2e,  2f); 

f)  interpreting  the  information  given  on  energy  bills  (2f); 

g)  predicting  where  energy  might  be  conserved  in  their  daily  rou¬ 
tine  (2  f,  8c). 

Knowledge.  Students  will  be  expected  to: 

a)  decribe  the  concept  of  a  system  (2b,  8b); 

b)  describe  the  components  of  the  energy-flow  system  in  an  eco¬ 
system  (2a); 

c)  outline  the  reasons  for  energy  loss  at  each  step  in  the  energy- 
flow  system  in  an  ecosystem  (2a,  8b); 

d)  apply  the  law  of  conservation  of  energy  to  an  ecosystem  and 
describe  its  significance  (2  a); 

e)  recall  the  energy  systems  in  photosynthesis  and  respiration  and 
describe  their  interdependence; 

f)  calculate  the  net  energy  efficiency  of  various  energy  conver¬ 
sions  from  both  natural  and  human-designed  systems  (2b,  8e); 

g)  describe  one  energy  system  that  exists  in  the  home  or  school 
(2b); 

h)  name  the  main  renewable  and  non-renewable  sources  of 
energy  (2d); 

i)  summarize  the  environmental  impact  of  using  various  non¬ 
renewable  and  renewable  energy  sources; 

j)  list  the  considerations,  such  as  availability  and  cost,  involved  in 
choosing  a  home  energy  source  (2b); 

k)  rank  Canada  with  other  nations  with  respect  to  total  energy 
consumption  per  capita  per  year; 

l)  describe  lifestyles  that  are  less  wasteful  of  energy  than  our  own. 

2.  Student  Activities 

Students  are  to: 

*a)  write  a  report  on  the  flow  of  energy  through  an  ecosystem, 
including  a  consideration  of  a  pyramid  of  energy  for  a  given 
food  chain  and  calculations  showing  the  percentage  of  energy 
that  is  bound  at  each  level  of  the  pyramid,  given  actual  energy 
values  for  that  pyramid  (8b); 

*b)  write  a  report  on  the  energy  conversions  in  a  human-designed 
system,  such  as  a  home  appliance,  pulp-and-paper  mill,  or  pro¬ 
cedures  for  planting  and  harvesting  crops,  and  calculate  the  net 
efficiency  of  the  energy  conversions  (8a,  8e); 


‘See  the  subsection  entitled  “Student  Activities"  on  page  5. 
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c)  design  and  conduct  an  experiment  to  find  ways  of  extracting 
bitumen  from  a  tar-sands  sample  (6d); 

d)  investigate  the  nature  of  renewable  energy  by  activities  such  as 
constructing  and  using  a  solar  cooker,  measuring  the  perform¬ 
ance  of  a  solar  panel,  or  measuring  the  electrical  output  of  a 

„  solar  cell; 

e)  determine  the  amount  of  electricity  or  natural  gas  used  in  a 
building  over  a  period  of  time  by  reading  the  appropriate 
meter; 

f)  record  the  energy  consumption  of  as  many  energy  converters 
as  possible  in  the  home  or  school  and  calculate  the  total  energy 
consumed  (6a-6c,  8d,  8f,  8g). 

3-  Applications 

a)  Many  industries  are  involved  in  reviewing  their  processing  sys¬ 
tems  in  order  to  make  changes  to  minimize  energy  use  and  cut 
long-term  production  costs. 

b)  Many  large  buildings  and  schools  have  energy-management 
teams  to  oversee  comprehensive  energy-conservation 
programs. 

c)  Houses  can  be  retrofitted  by  such  actions  as  weatherstripping, 
caulking,  and  insulating  to  reduce  heat  loss  in  winter  and  heat 
gain  in  summer. 

d)  New  industries  have  grown  out  of  the  research  into  and  the 
development  of  renewable  energy  forms. 

e)  An  understanding  of  energy  systems  and  conservation  makes  it 
possible  to  save  energy  and  money  in  the  home. 

4-  Societal  Implications 

a)  North  American  dependence  on  foreign  oil  has  had  a  major 
economic  consequence. 

b)  Governments  have  a  role  to  play  in  making  Canada  less 
dependent  on  non-renewable  fuels. 

c)  As  the  world  supply  of  non-renewable  fuels  decreases,  energy 
consumers  will  be  forced  to  modify  their  lifestyles.  At  the  same 
time,  the  development  of  renewable  sources  may  become 
much  more  attractive. 

d)  Overinsulation  of  a  building  may  cause  health  and  structural 
problems  by  decreasing  the  flow  of  fresh  air  into  the  building. 

e)  A  risk-benefit  analysis  needs  to  be  done  when  new  energy- 
conservation  methods  are  developed  (e.g.,  the  use  of  urea- 
formaldehyde  foam  for  insulation). 


5.  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  calculations  to  show  the  net  efficiency  of  a  series  of  energy 
conversions; 

b)  measurements  and  records  of  energy  consumption  in  a 
building; 

c)  reports  on  the  energy  flow  in  a  system . 

6-  Safety  Considerations 

a)  Wires  near  electricity  meters  or  electrical  appliances  should 
not  be  touched. 

b)  Electrical  appliances  should  be  disconnected  before  students 
search  for  an  information  plate. 

c)  The  school’s  custodial  staff  should  be  consulted  and  students 
should  be  supervised  when  they  are  reading  energy  meters  at 
the  school. 

d)  Students  should  wear  safety  goggles  and  aprons  when  heating  a 
tar-sands  sample.  They  should  not  use  open  flames  to  heat  the 
sample. 

e)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  prepare  a  report  on  the  advantages  and  disadvantages  of 
nuclear-  generated  electricity; 

b)  compare  the  costs  of  heating  a  home  with  oil,  natural  gas,  elec¬ 
tricity,  wood,  and  solar  energy; 

c)  compare  the  energy  systems  of  throwaway  and  returnable 
containers; 

d)  compare  the  energy  consumption  of  a  family  using  cloth  dia¬ 
pers  for  its  baby  to  one  using  disposable  diapers  over  a  two-year 
period; 

e)  prepare  a  report  for  the  school  principal  concerning  the  need 
for  an  energy-awareness  program  in  the  school. 
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8-  Some  Teaching  Suggestions 

a)  The  systems  approach  to  analysing  energy  flow  should  be  the 
focus  of  this  unit.  It  is  no  longer  adequate  to  look  at  a  single 
energy  conversion  or  a  single  site  where  energy  is  lost.  Rather, 
the  set  of  events  leading  up  to  and  following  a  single  energy 
conversion  should  be  considered.  The  interrelationships  of  the 
various  components  of  the  system  should  be  emphasized:  one 
small  change  in  the  system  may  have  a  significant  impact  on  the 
whole  system.  One  energy  system  that  can  be  considered  is  the 
one  involved  in  heating  a  home  with  oil.  The  steps  in  this  sys¬ 
tem  include  drilling  for,  pumping,  refining,  shipping,  and  stor¬ 
ing  the  oil;  transporting  it  to  the  home;  burning  the  fuel  for 
space  heating;  and  losing  waste  heat  to  the  environment. 

b)  An  energy  system  can  be  developed  from  an  energy  pyramid. 

c)  A  guest  speaker  can  be  invited  to  talk  to  the  class  on  a  topic  such 
as  energy  management,  energy-efficient  driving  habits,  or  food 
conversions. 

d)  Data  can  be  collected  to  compare  the  energy  consumption  in  a 
house  with  that  in  an  apartment.  Students  may  require  assist¬ 
ance  in  collecting  the  data  for  apartments.  These  data  can  be 
organized  in  a  chart  such  as  the  following: 


e)  When  the  net  energy  efficiency  of  a  system  is  calculated,  the 
individual  efficiencies  are  multiplied  together.  For  example, 
the  net  efficiency  of  an  incandescent  light  bulb  can  be  deter¬ 
mined  as  follows: 

33%  x  95%  x  4%  =  1% 
(coal  generating  station)  (transmission  (light 

lines)  bulb) 

The  running  of  an  electric  heater  from  electricity  generated 
from  solar  cells  involves  the  following  energy  efficiency: 

14%  x  98%  =  13.7% 

(solar  cell)  (electric  heater) 

f)  School  energy  records  dating  back  several  years  may  be  avail¬ 
able  from  the  school  custodial  staff  or  from  the  administration 
offices  of  the  school  board. 

g)  With  adequate  notice,  the  custodian  may  show  the  class  the 
boiler  room,  fan  room,  and  various  meters  and  lighting  con¬ 
trols  at  the  school. 


Power  Time  Used  Estimated  Consumption 
Device  Rating  (hours/  (kilowatt  hours 

(watts)  month)  per  month) 

Light  60_ 100  6  


In  a  follow-up  session  the  role  of  people  and  pets  as  energy 
users  in  the  home  energy  system  can  be  discussed. 
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A  Terrestrial  Ecosystem 
Study 

Time:  16  hours 


The  study  of  a  selected  terrestrial  ecosystem  provides  the  opportu¬ 
nity  for  students  to  bring  together  concepts  developed  in  previous 
units  and  to  apply  them  to  a  specific  example.  It  also  permits  them 
to  develop  an  appreciation  for  these  natural  environments.  Stu¬ 
dents  should  recognize  that  the  ecological  principles  observed  in  a 
small  ecosystem  also  operate  in  the  large  biomes  distributed  across 
Canada. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Soil  characteristics 
Other  abiotic  characteristics 
Species  in  the  ecosystem 
Population  estimates 
Interrelationships 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  complexity  of  most  ecosystems  (2a,  4a); 

b)  an  appreciation  for  the  delicate  balance  and  sensitivity  of  an 
ecosystem  (2a,  3d,  4a); 

c)  a  respect  for  all  living  things  (2a,  3b,  3d,  4a); 

d)  an  awareness  of  the  ways  in  which  ecosystems  can  be  affected 
by  human  activities  (2a,  3d,  4a,  4c). 
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Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  measuring  the  abiotic  factors  of  an  ecosystem,  such  as  tempera¬ 
ture,  relative  humidity,  light  intensity,  light  duration,  wind 
velocity,  and  precipitation  (2a); 

b)  conducting  experiments  to  determine  various  soil  characteris¬ 
tics,  such  as  soil-particle  size,  percentage  of  organic-matter  con¬ 
tent,  water-holding  capacity,  percolation  rate,  pH,  and  nutrient 
content  (2d); 

c)  using  field  guides ,  keys ,  and  other  material  from  the  resource 
centre  to  identify  the  various  organisms  in  an  ecosystem  (2a); 

d)  estimating  populations  of  organisms  in  an  ecosystem  (2a); 

e)  constructing  graphs  to  show  the  relationship  between  varia¬ 
bles,  such  as  temperature  and  relative  humidity,  light  intensity 
and  species  population,  and  soil  pH  and  plant  species  popula¬ 
tions  (2a). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  the  abiotic  characteristics  of  the  selected  ecosystem, 
such  as  temperature,  humidity,  wind,  light  intensity,  light  dura¬ 
tion,  precipitation,  and  soil  characteristics  (2a); 

b)  describe  the  interrelationships  between  the  various  abiotic  fac¬ 
tors  of  the  selected  ecosystem,  such  as  the  effect  of  (i)  tempera¬ 
ture,  (ii)  wind,  and  (iii)  altitude  (e.g. ,  10  cm  as  opposed  to 

200  cm)  on  relative  humidity; 

c)  describe  soil  characteristics,  such  as  mineral  content,  mineral- 
particle  types,  organic-matter  content,  water-holding  capacity, 
percolation  rate,  and  fertility  for  the  selected  ecosystem  (2d); 

d)  explain  the  concept  of  succession  and  relate  this  to  the  plants 
and  animals,  including  soil  organisms,  found  in  the  selected 
ecosystem  (2  a,  2d); 

e)  compare  the  populations  of  the  organisms  in  the  selected  eco¬ 
system  (2a); 

f)  recall  the  types  of  interactions  among  organisms  that  live  in  an 
ecosystem  and  relate  these  to  the  selected  ecosystem  (2a); 

g)  describe  the  interrelationships  between  some  of  the  biotic  and 
abiotic  components  of  the  ecosystem,  such  as  (i)  plant  species 
and  available  light,  (ii)  plant  populations  (of  one  species)  and 
available  light,  (iii)  animal  species  and  humidity,  (iv)  plant  spe¬ 
cies  and  soil  characteristics,  (v)  animal  species  and  temperature, 
and  (vi)  arthropod  species  and  altitude  (e.g.,  10  cm  as  opposed 
to  200  cm)  (2a-2c). 
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2-  Student  Activities 

Students  are  to: 

*a)  visit  a  local  park  or  other  area  to  observe,  measure,  compare, 
and  analyse  the  many  and  various  components  of  an  ecosystem 
as  follows: 

i)  measure  the  temperature,  humidity,  wind,  light,  and 
precipitation  at  various  locations  in  the  ecosystem  (e.g.,  at 
various  altitudes  -  ground  level,  10  cm  above  ground 
level,  200  cm  above  ground  level;  in  open  areas  as 
opposed  to  areas  with  dense  vegetation); 

ii)  use  field  guides,  keys,  and  other  resources  to  identify  the 
organisms  in  the  ecosystem; 

iii)  estimate  the  populations  of  different  species  of  plants  and 
animals; 

iv)  use  the  data  collected  from  the  ecosystem  to  construct 
appropriate  food  chains,  food  webs,  and  pyramids  of 
numbers; 

v)  construct  graphs  to  compare  the  various  components  of 
the  ecosystem  and  determine  the  relationships  between 
such  factors  as  temperature  and  humidity,  light  intensity 
and  population  of  a  plant  species,  and  humidity  and 
population  of  an  insect  species  (6, 8a-8e); 

b)  conduct  an  experiment  to  determine  the  effect  of  a  factor  such 
as  temperature,  light  intensity,  soil  type,  or  humidity  on  the 
growth  of  one  species  of  plant; 

c)  conduct  an  experiment  to  determine  the  effect  of  light  direc¬ 
tion  on  the  growth  of  one  species  of  plant; 

d)  analyse  a  sample  of  soil  from  the  ecosystem  to  determine  pH , 
soil-particle  size,  percentage  of  organic  matter,  water-holding 
capacity,  fertility  as  indicated  by  the  presence  of  nutrients, 
types  of  organisms  present,  and  the  species  of  plants  that  grow 
on  different  types  of  soil. 

3-  Applications 

a)  U nique  ecosystems  may  be  identified  and  preserved  as  parks 
for  posterity. 

b)  Natural  ecosystems  may  serve  as  a  gene  pool  for  specific  plant 
and  animal  species,  which  may  be  useful  in  the  future  to 
improve  plant  crops  and  animal  livestock. 

c)  An  inventory  of  species  found  in  ecosystems  is  useful  in  deter¬ 
mining  the  status  of  endangered  species  in  Canada  and  North 
America. 

d)  A  knowledge  of  the  normal  interactions  in  an  ecosystem  can  be 
used  as  a  basis  for  determining  the  effect  of  human  activities  on 
the  ecosystem. 


4.  Societal  Implications 

a)  Some  ecosystems  may  be  safely  used  as  recreational  areas  for 
humans. 

b)  Humans  are  part  of  most  ecosystems  and  must  be  considered  as 
one  of  their  biotic  components. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  records  of  field  observations ; 

b)  records  of  measurements  of  abiotic  factors; 

c)  identifications  of  plants  and  animals  in  an  ecosystem; 

d)  graphs  to  compare  the  various  components  in  an  ecosystem . 

6.  Safety  Considerations 

a)  Animals  observed  during  the  field  study  should  be  treated  with 
caution.  Insects  in  some  ecosystems  may  cause  irritating  bites 
or  painful  stings. 

b)  Students  should  be  cautioned  about  the  plants  in  the  selected 
ecosystems  that  may  be  poisonous  to  eat  or  touch. 

c)  Appropriate  safety  guidelines  should  be  established  and  fol¬ 
lowed  during  a  field  study. 

d)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7-  Possible  Extensions 

Some  students  might: 

a)  construct  maps  of  the  ecosystem  area,  based  on  such  features 
as  vegetation,  soil  profiles,  and  elevation; 

b)  investigate  the  ecosystem  area  for  evidence  of  succession; 

c)  design  and  conduct  experiments  to  determine  the  effect  of 
physical  factors  on  living  organisms  (e.g.,  the  effect  of  tempera¬ 
ture  on  respiration  rate,  photosynthesis  rate,  or  transpiration 
rate); 

d)  construct  a  terrarium  to  study  a  food  chain; 

e)  use  the  library  to  research  a  Canadian  biome  and  compare  and 
contrast  it  with  the  ecosystem  studied. 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Core  Unit  4:  Population  Ecology 


Core  Unit  4 


8-  Some  Teaching  Suggestions 

a)  The  teacher  should  visit  the  area  to  be  studied  in  advance  to  Time:  16 hours 

determine  its  potential  for  study  as  well  as  possible  hazards. 

b)  Students  should  be  encouraged  to  co-operate  in  team  projects 
as  well  as  to  work  independently  on  individualized  activities 
during  field  studies. 

c)  Tasks  should  be  assigned  in  each  student  group  (e.g.,  group 
leader  and  recorder). 

d)  In  the  estimation  of  population  sizes  the  mark-recapture  tech¬ 
nique  is  best  used  with  insects,  for  example,  grasshoppers.  The 
scat  technique  can  be  used  for  small  mammals. 

e)  The  ecosystem  selected  for  study  may  be  on  school  property  or 
in  a  local  ravine  if  a  full-day  field  trip  is  not  feasible. 

f)  This  unit  should  be  planned  to  complement  core  unit  1 ,  “Inter¬ 
actions”,  in  the  Grade  10  advanced-level  science  course. 


Interactions  within  natural  ecosystems  regulate  the  population  lev¬ 
els  of  all  species.  Generally,  the  total  population  of  each  species,  as 
well  as  the  ratio  between  populations,  fluctuates  within  certain 
limits.  These  system  interactions  must  be  understood  before  the 
natural  condition  of  an  ecosystem  is  disturbed.  This  unit  gives  stu¬ 
dents  an  introduction  to  population  ecology. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Species  and  populations 

Population  density 

Biotic  potential 

Environmental  factors 

Carrying  capacity  of  a  natural  ecosystem 

Population  cycles  in  a  natural  ecosystem 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  a  respect  for  the  natural  checks  and  balances  that  control  popu¬ 
lation  sizes  effectively  in  an  ecosystem  (2d-2f,  3c,  4a); 

b)  a  commitment  to  use  the  principles  of  population  ecology  to 
co-exist  successfully  with  other  organisms. 

Skills.  Students  will  have  the  opportunity  to  develop  skills  in: 

a)  plotting  a  population-growth  curve  (2  d); 

b)  culturing  living  organisms  to  conduct  a  population  study 
(2a,  2c); 

c)  counting  live  organisms  using  appropriate  techniques,  for 
example,  quadrat  sampling  using  the  microscope  to  count  live 
yeast  cells  (2a,  2c). 
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Knowledge.  Students  will  be  expected  to: 

a)  define  and  give  one  example  for  each  of  the  following  terms: 
species,  population,  population  density,  biotic  potential,  envi¬ 
ronmental  resistance,  carrying  capacity  (2b); 

b)  explain  the  factors  that  influence  birth  and  death  rates  and 
immigration  and  emigration  rates  (2d); 

c)  explain  how  community  relationships  such  as  commensalism , 
mutualism,  parasitism,  and  predation  affect  the  species  popula¬ 
tion  number; 

d)  list  environmental  factors  that  influence  population  size 
(2d-2f); 

e)  interpret  a  sigmoid  growth  curve  in  relation  to  a  given  popula¬ 
tion  (2c); 

f)  describe  at  least  two  population  cycles  in  a  natural  ecosystem 
and  state  the  factors  that  are  most  prominent  in  controlling 
those  cycles; 

g)  explain  how  the  carrying  capacity  for  one  species  can  vary 
from  one  ecosystem  to  another; 

h)  define  the  term  zero  population  growth  and  explain  its  signifi¬ 
cance  in  terms  of  the  human  population; 

i)  compare  birth  and  death  rates  for  humans  between  the  last  cen¬ 
tury  and  this  century  and  suggest  factors  that  may  have  influ¬ 
enced  the  rate  difference. 

2.  Student  Activities 

Students  are  to: 

*a)  set  up  a  closed  ecosystem  as  a  class  exercise  at  the  beginning  of 
the  unit  and  then  follow  the  population  growth  of  at  least  one 
species  (e.g. ,  Daphnia )  over  the  next  two  or  three  weeks; 

b)  plan  a  field  trip  to  a  nearby  field  or  park  to  study  the  population 
density  of  one  or  more  species;  they  should  measure  the  area 
concerned,  count  all  individuals  in  that  population  (the  quad¬ 
rat  method  may  be  used  as  an  alternative  to  determine  the  num¬ 
ber  of  individuals  of  a  given  species),  and  mark  the  location  of 
each  individual  on  a  map  of  the  area  to  be  used  for  density  cal¬ 
culations  in  the  classroom  (6a); 

c)  establish  cultures  of  organisms,  such  as  yeast  or  fruit  flies,  that 
have  various  ages  and  compare  the  population  count  in  each 
culture  (8a,  8b); 

*d)  plot  a  growth  curve  on  graph  paper,  given  the  birth  and  death 
rates  for  a  hypothetical  population,  and  compare  the  curves, 
giving  reasons  why  this  growth  rate  would  rarely  occur  in  real- 
life  situations  despite  the  biotic  potential  of  the  species  con¬ 
cerned.  A  bird  population  on  an  island  with  no  natural  preda¬ 
tors  can  be  used  as  the  example  (8c); 


e)  design  and  carry  out  an  experiment  to  study  the  effect  of  avail¬ 
able  nutrients  on  growth  rate  (e.g. ,  the  growth  of  algae  in  solu¬ 
tions  with  various  nitrate  concentrations); 

f)  examine  a  map  or  photographs  showing  Canadian  biomes  and 
determine  how  climate  affects  population  growth  (e.g.,  maple 
trees  are  found  only  in  certain  biomes  according  to  climate). 

3.  Applications 

a)  Population  studies  are  essential  in  the  science  of  genetics . 

b)  Modern  farming  practices  illustrate  the  results  of  research  into 
increasing  the  population  density  of  crops  and  determining  the 
maximum  carrying  capacity  of  an  area  to  prevent  overuse. 

c)  Some  wildlife  populations  have  been  severely  reduced  by 
humans,  and  as  a  result  hunting  seasons  are  strictly  regulated. 

d)  The  pollution  of  lakes  has  resulted  in  the  decrease  of  some  fish 
populations. 

4.  Societal  Implications 

a)  The  extinction  of  an  organism  may  occur  if  its  population  size 
globally  decreases  below  a  critical  number. 

b)  Because  birth  rates  are  significantly  lower  in  many  artificial 
breeding  situations  than  they  are  in  the  wild,  zoos  may  not  be 
the  answer  for  preserving  endangered  populations. 

c)  One  method  of  controlling  pests  is  to  bring  a  natural  predator 
for  that  pest  into  the  area.  This  method  can  produce  negative 
results  as  the  entire  ecosystem  is  disrupted. 

d)  The  growth  of  human  population  in  the  world  will  soon  be  lim¬ 
ited  by  the  resources  of  the  biosphere.  These  resources  need  to 
be  managed  wisely. 

e)  Population  studies  that  illustrate  global  trends  may  be  useful  in 
helping  humans  to  cope  with  world  food  demands  and  to 
direct  the  development  of  technologies  to  deal  with  the 
problems. 

5.  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  plots  of  population  curves  on  graph  paper; 

b)  ability  to  determine  the  size  of  a  population  in  a  culture. 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Optional  Unit  L  Introduction  to  Soil  Science 


Optional  Unit  1 


#  6.  Safety  Suggestions  IlltrOdUCtiOn  tO  Soil  ScidlCe 

a)  Appropriate  guidelines  should  be  established  and  followed  Time:  16 hours 

during  a  field  study. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 


Some  students  might: 

a)  set  up  a  colony  of  fruit  flies  or  another  organism  and  follow  its 
population  size  over  a  period  of  time; 

b)  prepare  a  report  for  discussion  or  debate  on  what  makes  an 
“acceptable”  standard  of  living  for  humans; 

c)  analyse  the  factors  involved  in  the  extinction  of  a  particular 
population. 


8-  Some  Teaching  Suggestions 

a)  If  yeast  cultures  are  used  for  population  studies ,  two 
approaches  are  possible.  The  first  method  involves  inoculating 
the  first  test  tube  on  day  one,  the  second  on  day  two,  and  so  on 
for  eight  or  ten  consecutive  days.  The  second  method  involves 
inoculating  a  single  test  tube  on  the  first  day  and  taking  one- 
drop  samples  to  count  the  populations  on  eight  or  ten  consecu¬ 
tive  days.  Students  can  make  several  counts  for  each  sample 
and  average  the  results. 

b)  Alternate  organisms  for  population  studies  can  include  fruit 
flies,  duck  weed,  or  algae. 

c)  Many  case  studies  are  available  on  the  extinction  of  species  and 
on  endangered  species. 

d)  This  unit  should  be  planned  to  complement  core  unit  1 ,  “Inter¬ 
actions”,  in  the  Grade  10  advanced-level  science  course. 


This  unit  provides  an  introduction  to  the  properties  of  soil,  which 
should  be  of  practical  value  in  the  indoor  and  outdoor  culture  of 
plants  and  in  the  making  of  wise  decisions  on  possible  land  uses. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

The  role  of  soils 
Soil-formation  processes 
The  composition  of  a  soil 
Soil  texture  and  structure 
Soil  water  types 
Plant  nutrients 
Soil  erosion 
Soil  organisms 

1.  Objectives 


Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  that  soil  is  a  complex  system  consisting  of  a 
variety  of  interacting  biotic  and  abiotic  factors  (4d); 

b)  a  respect  for  soil  formation  as  being  a  slow  process  in  nature 
(4c); 

c)  an  appreciation  for  the  importance  of  soils  in  food  and  forest 
production  (4a); 

d)  an  appreciation  of  the  need  to  conserve  agricultural  soils  (4b). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  observing  and  recording  the  properties  of  soil  (2b-2e,  2g); 

b)  using  volumetric  and  mass-determination  equipment  to  deter¬ 
mine  the  percentage  of  solid  material  in  soil  (2  b); 
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c)  classifying  soils  according  to  texture  (2d); 

d)  experimenting  to  determine  the  amount  of  water  in  a  soil  (2e); 

e)  identifying  living  organisms  found  in  soil  (2g). 

Knowledge.  Students  will  be  expected  to: 

a)  explain  the  role  of  soil  as  a  medium  to  anchor  plants  and  as  a 
reservoir  for  plant  nutrients; 

b)  explain  the  process  of  soil  formation  from  soil  parent  material; 

c)  identify  the  main  characteristics  of  the  major  horizons  of  a  soil 
profile; 

d)  express  the  percentage  composition  by  volume  of  a  loam  soil 
type  as  to  mineral,  organic-matter,  air,  and  water  content; 

e)  explain  suitable  demonstrations  or  experiments  to  illustrate 
plant-nutrient  storage,  soil  composition,  and  soil  water  (2b,  2d, 
2e); 

f)  interpret  from  graphs  the  effect  of  soil  pH  on  nutrient  availabil¬ 
ity  (2c); 

g)  state  the  types  of  soil  water  and  explain  the  nature  of  gravita¬ 
tional,  capillary,  hygroscopic,  and  chemically  bound  water 

(2c); 

h)  explain  the  processes  of  soil  detachment  and  transportation 
involved  in  soil  erosion; 

i)  using  a  soil-texture  triangle,  explain  the  limits  of  a  soil-texture 
type  (2d); 

j)  name  and  suggest  the  role  of  many  of  the  biotic  factors  in  a  soil 
ecosystem; 

k)  list  the  macronutrients  and  micronutrients  required  by  plants; 

l)  explain  the  major  roles  of  nitrogen,  phosphorus,  potassium, 
and  calcium  in  plant  nutrition; 

m)  identify  several  practices  that  cause  the  erosion  of  soils  (2f); 

n)  name  and  describe  several  practices  that  reduce  soil  erosion 

(2f). 

2-  Student  Activities 

Students  are  to: 

a)  observe  and  describe  the  main  characteristics  of  the  maj  or  hori¬ 
zons  of  a  soil  profile; 

b)  determine  the  percentage  by  volume  of  the  solid  material  in  a 
soil  (6a); 

c)  determine  the  soil  pH  by  wetting  the  soil  and  testing  the  sample 
with  a  suitable  pH  indicator  (8b); 

*d)  compare  several  soil  samples  with  respect  to  texture; 

*e)  determine  the  amounts  of  some  types  of  soil  water  in  a  soil ; 

f)  determine  the  effect  of  soil  texture  and  soil  structure  on  water¬ 
holding  capacity  and  percolation  rates  (8a), 


g)  separate  out  and  examine  various  soil  macro-organisms ,  such 
as  earthworms,  nematodes,  and  arthropods,  and  use  soil  to 
inoculate  suitable  media  for  the  culture  of  soil  micro¬ 
organisms,  such  as  bacteria,  fungi,  or  algae  (6b,  8d). 

3-  Applications 

a)  A  change  in  soil  pH  because  of  acid  or  lime  additions  influences 
nutrient  availability,  which  can  have  noticeable  effects  on  plant 
growth  and  plant  vigour. 

b)  Macronutrients,  especially  nitrogen,  phosphorus,  and  potas¬ 
sium,  are  those  that  most  need  replenishing  for  plant  culture  in 
such  areas  as  home  gardens  and  field  crops. 

c)  An  understanding  of  soil  texture  is  the  basis  for  the  improve¬ 
ment  of  soil  types  (e.g.,  through  the  addition  of  sand  to  fine, 
textured  soils  such  as  clays  or  clay  loam). 

d)  Percolation  rates  for  soils  are  important  in  determining  water¬ 
ing  or  irrigation  rates. 

e)  Soil  texture  and  structure  have  a  great  influence  on  crop  or 
plant  selection,  resistance  to  drought,  and  the  time  interval 
required  before  a  soil  can  be  cultivated  following  a  rain. 

4.  Societal  Implications 

a)  Soils  are  a  major  resource  for  the  production  of  plants  for  food, 
fibre,  energy,  and  aesthetic  value. 

b)  Good  agricultural  soils  are  being  lost  in  areas  of  rapid  urban 
development. 

c)  Soil  replenishment  by  natural  soil-forming  processes  is 
achieved  slowly;  this  underlies  the  need  for  soil-conservation 
practices. 

d)  Soil  as  a  living  system  decomposes  and  recycles  matter,  thus 
preventing  the  accumulation  of  organic  wastes. 

e)  The  harvesting  of  plant  crops  removes  mineral  nutrients  that 
are  not  easily  replenished. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  observations  and  records  of  the  physical  and  biological  proper¬ 
ties  of  soils; 

b)  measurements  and  calculations  to  determine  the  percentage  of 
various  soil  components; 

c)  laboratory  reports  outlining  an  experiment  to  determine  the 
properties  of  soils. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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6-  Safety  Considerations 

a)  Soil  samples  should  be  heated  in  a  ventilated  room. 

b)  Cultures  of  soil  micro-organisms  should  be  destroyed  with  a 
strong  alkali  before  disposal. 

c)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  investigate  the  roles  of  various  micronutrients  in  plant 
nutrition; 

b)  investigate  the  soil  texture  and  pH  requirements  for  specific 
crops; 

c)  investigate  modern  methods  of  field  determination  of  soil 
water  levels; 

d)  collect  and  analyse  data  on  local  soil-conservation  practices; 

e)  examine  a  variety  of  fertilizers  to  determine  the  phosphorus, 
potassium,  and  nitrogen  content  and  relate  these  nutrient  levels 
to  the  suitability  of  the  fertilizer  for  different  plant  species. 

8.  Some  Teaching  Suggestions 

a)  The  teacher  should  obtain  several  soil-type  samples  before 
teaching  this  unit. 

b)  The  addition  of  universal  indicator  to  wet  soil  samples  on 
folded  strips  of  wax  paper  is  a  good  technique  for  determining 
soil  pH. 

c)  A  beaker  of  gravel  and  water  can  be  used  to  illustrate  quickly 
the  four  types  of  soil  water. 

d)  Suitable  media  and  equipment  for  the  culture  of  soil  micro¬ 
organisms  are  available  from  biological  supply  houses.  Nema¬ 
tode  filters  can  be  easily  improvised  from  standard  laboratory 
equipment  and  cheesecloth. 

e)  Potted  plants,  such  as  coleus,  tomato,  or  sunflower,  can  be 
used  to  determine  the  permanent  wilting  point  (the  point  at 
which  plants  do  not  recover). 


Optional  Unit  2:  Plant  and  Animal  Reproduction 


Optional  Unit  2 


Plant  and  Animal 
Reproduction 

Time:  16  hours 


This  unit  introduces  the  main  forms  of  sexual  and  asexual  repro¬ 
duction.  The  forms  of  fertilization,  both  external  and  internal,  and 
reproductive  capabilities  are  related  to  population  maintenance. 
Studies  include  an  examination  of  how  selected  organisms  may  be 
managed  for  human  needs. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Genetic  variability 

Asexual  and  sexual  reproduction 

Lifecycles 

External  and  internal  fertilization 
Plant  and  animal  breeding 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop : 

a)  an  appreciation  for  the  great  genetic  variability  that  exists  in 
plant  and  animal  species; 

b)  a  respect  for  the  efforts  and  achievements  of  Canadians  in  the 
fields  of  agricultural  research  and  management. 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  observing  small  life  forms,  such  as  planarian,  hydra,  parame- 
cium,  and  amoeba  (2b); 

b)  growing  a  new  plant  from  a  cutting  (2d); 

c)  examining  the  floral  parts  of  flowers  to  observe  the  sex  organs 
that  produce  sex  cells  (2  e); 

d)  predicting  the  reproductive  potential  for  selected  species 
according  to  the  environment  of  the  organism  (2c). 
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Knowledge.  Students  will  be  expected  to: 

a)  describe  several  examples  of  intraspecific  variation  to  illustrate 
the  wide  range  of  genetic  variability; 

b)  define  basic  reproductive  terms  such  as  the  following:  sex  cells, 
fertilization,  reproductive  potential  (2b,  2c,  2f,  2g); 

c)  list  selected  organisms  that  reproduce  asexually  (2b); 

d)  contrast  sexual  and  asexual  reproduction  in  terms  of  advan¬ 
tages  and  disadvantages  to  the  species  (2b,  2c,  2g); 

e)  describe  the  life  cycles  of  a  selected  moneran,  fungus,  and 
protist; 

f)  recognize  the  male  and  female  organs  that  produce  sex  cells  in 
selected  local  species  (2g); 

g)  compare  external  and  internal  fertilization  in  selected  organ¬ 
isms  and  state  advantages  and  disadvantages  to  the  species; 

h)  describe  the  life  cycle  of  a  typical  local  plant  or  animal; 

i)  describe  the  use  of  selective  mating  to  improve  the  specific 
characteristics  of  a  species; 

j)  indicate  methods  used  to  manage  the  reproduction  of  domes¬ 
tic  plants  and  animals; 

k)  compare  the  reproductive  potential  and  breeding-management 
programs  for  selected  organisms  (e.g.,  houseflies,  earthworms, 
trout,  pigeons,  cattle). 

2.  Student  Activities 

Students  are  to: 

a)  collect  information  and  write  a  short  report  on  the  various 
methods  used  by  organisms  to  produce  progeny; 

*b)  observe  asexual  reproduction  in  selected  life  forms  (e.g.,  hydra, 
planarian,  diatom,  paramecium,  amoeba); 

*c)  observe  selected  stages  in  the  reproduction  of  fungi 

(e.g.,  mushroom,  bread  mould,  wheat  rust,  corn  smut,  apple 
scab); 

*d)  grow  a  plant  by  asexual  reproduction  (e.g.,  cuttings  of  coleus  or 
geranium,  bulbs,  tubers,  rhizomes,  stolons); 

*e)  observe  and  describe  the  reproductive  structure  of  a  fern ,  a 
pinetree,  or  a  flowering  plant; 

f)  examine  and  compare  the  structure  of  a  self-pollinating  pea 
flower  and  a  cross-pollinating  corn  flower  (6a); 

g)  observe  and  compare  the  reproductive  systems  of  selected 
local  species,  such  as  an  earthworm,  an  insect,  a  fish,  a  bird,  and 
a  mammal  (8b). 
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3-  Applications 

a)  The  survival  of  fish  populations  is  dependent  on  the  large  num¬ 
ber  of  progeny  per  female. 

b)  The  management  of  domestic  animals  is  determined,  in  part, 
by  the  reproductive  cycles  of  the  species  (e.g.,  heat  periods  in 
cows,  horses,  dogs,  cats). 

c)  Selected  features  in  progeny  may  be  brought  about  by  choos¬ 
ing  the  parents  for  planned  matings. 

d)  Fungi  such  as  smut,  scab,  mould,  and  mildew  may  become 
harmful,  since  they  can  grow  and  reproduce  out  of  control  on 
food  crops  and  ornamentals  when  given  the  ideal  environmen¬ 
tal  conditions. 

4.  Societal  Implications 

a)  The  reproductive  structures  of  wild  organisms  are  adapted  to 
their  environment. 

b)  Humans  have  utilized  the  natural  reproduction  methods  of  use¬ 
ful  organisms  to  produce  selectively  progeny  with  desired  traits 
for  the  benefit  of  humanity  (e.g.,  horse  size,  corn  yield,  milk 
production,  or  body  shape  in  dogs). 

c)  Reproduction  in  species  can  be  controlled  by  humans 
(e.g.,  through  the  separation  of  bulls  and  cows,  castration,  or 
the  emasculation  of  the  male  corn  flower). 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  laboratory  work; 

b)  projects,  assignments,  and  laboratory  reports. 

6-  Safety  Considerations 

a)  Sharp  instruments  used  for  cutting  plant  material  should  be 
handled  with  care. 

b)  Students  should  wear  protective  eyewear  and  gloves  if  they  do 
a  dissection. 

c)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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7.  Possible  Extensions  Essentials  of  Plant  Science 

Some  students  might:  Time:  16 hours 

a)  attempt  to  cross-pollinate  a  plant  and  grow  new  plants  from  the 
resulting  seed; 

b)  do  a  comparative  study  of  organisms  within  a  particular  group 
to  record  differences  in  reproductive  methods. 

8.  Some  Teaching  Suggestions 

a)  It  should  be  stressed  that  reproduction  is  essential  to  perpetu¬ 
ate  a  species.  The  species  that  reproduces  most  successfully  is 
most  likely  to  survive  in  the  long  term. 

b)  If  vertebrate  animals  such  as  gerbils  or  mice  are  used  for  repro¬ 
ductive  studies,  the  appropriate  animal-care  guidelines  must  be 
followed. 


The  commercial  culture  of  plants  requires  the  application  of 
knowledge  of  biology,  ecology,  chemistry,  physics,  soils,  and,  usu¬ 
ally,  economics.  As  in  all  systems,  a  weak  link  in  the  plant-culture 
system  can  prevent  full  plant  growth.  This  unit  examines  the  basic 
factors  that  influence  plant  growth  and  the  techniques  for  manag¬ 
ing  these  factors.  It  provides  information  that  will  enable  students 
to  grow  plants  and  will  also  give  them  a  background  for  future 
advanced  studies  in  botany,  horticulture,  forestry,  or  crop  science. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Requirements  for  plant  growth 
Suitable  media  for  plant  culture 
Light 

Temperature 

Oxygen,  carbon  dioxide,  and  water-vapour  levels 
Water  requirements 
Mineral  nutrient  levels 
Effects  of  growth  regulators 
Plant-modification  practices 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  a  respect  for  plants  as  complex  organisms; 

b)  an  appreciation  that  any  kind  of  plant  culture  involves  the 
application  of  scientific  principles; 

c)  an  appreciation  for  the  close  relationships  between  abiotic 
conditions  and  plant  growth,  development,  and  survival  (2d). 
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Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  handling  and  culturing  plant  material ; 

b)  measuring  such  abiotic  factors  as  light  intensity  with  a  light 
meter  and  temperature  with  a  thermometer  (2c,  2d); 

c)  designing  an  experiment  to  illustrate  the  effect  of  temperature 
on  the  rooting  of  softwood  stem  cuttings  or  on  the  germination 
of  seeds  (2c); 

d)  investigating  the  use  of  various  media  for  plant  culture  or  the 
effect  of  various  plant  spacings  on  plant  growth  (2  a,  2  b); 

e)  deriving  and  interpreting  graphs  that  involve  the  effect  of  such 
factors  as  temperature,  carbon  dioxide  concentrations,  light 
wavelengths,  and  nitrogen  levels  on  plant  growth  (2c,  2i); 

f)  investigating  plant  tropisms  such  as  geotropism  or  phototrop- 
ism(2e); 

g)  modifying  plant  structures  by  pinching  or  hardening  practices 
(2g);  ' 

h)  using  minute  quantities  of  plant  hormones  to  alter  the  develop¬ 
ment  of  plants  (2h); 

i)  testing  soil  for  the  levels  of  the  following  nutrients :  nitrogen , 
phosphorus,  potassium,  calcium  (2  j). 

Knowledge.  Students  will  be  expected  to: 

a)  list  the  principal  requirements  for  plant  growth  and  develop¬ 
ment  and  compare  the  major  effects  of  each  (2  j); 

b)  explain  the  suitability  of  various  media,  including  soils  for  plant 
culture  (2  a); 

c)  list  the  most  effective  colours  of  light  for  growing  plants; 

d)  explain  the  effects  of  light  intensity  and  photoperiodism  on 
plants  and  describe  how  to  regulate  these  factors  (2d); 

e)  categorize  plants  as  to  temperature  requirements  (cool  season, 
warm  season)  and  life  cycles  (annual,  biennial,  perennial); 

f)  describe  the  effects  on  plants  of  various  concentrations  of  oxy¬ 
gen,  carbon  dioxide,  and  water  vapour  (2i); 

g)  describe  the  effects  of  temperature  on  the  growth  of  plants  (2c); 

h)  describe  the  sources  of  water  in  soils  for  plants,  the  amounts 
required,  how  water  enters  plants,  and  the  uses  of  water  in 
plants; 

i)  explain  how  soil-water  supplies  are  recharged  naturally  and  by 
irrigation  practices; 

j)  state  the  usual  ranges  of  nitrogen,  phosphorus ,  and  potassium 
levels  for  plant  culture  and  indicate  the  fertilizers  that  are  their 
usual  sources  (2j); 

k)  describe  various  natural  methods  of  replenishing  the  soil 
nutrients  removed  by  crops,  including  mineral  solutions,  nitro¬ 
gen  fixation,  the  decomposition  of  organic  matter,  and  deposi¬ 
tion  from  wind  and  water; 
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l)  describe  fertility-management  practices ,  such  as  fertilizer  and 
lime  applications,  crop  rotations,  the  inclusion  of  legumes  in 
rotations,  and  the  incorporation  of  plant  refuse  or  manures  (2  j); 

m)  explain  the  actions  and  interactions  of  some  hormones  in 
plants,  such  as  those  responsible  for  phototropism  and  geo¬ 
tropism,  and  state  their  effects  on  the  plants  (2e); 

n)  describe  some  basic  techniques  in  propagating  plants  from 
seeds  or  cuttings,  including  watering  and  fertilizing  (2a,  2c,  2g); 

o)  explain  the  effects  of  pinching,  disbudding,  and  pruning  on 
plant  growth  and  development  (2g). 

2.  Student  Activities 

Students  are  to: 

*a)  investigate  the  use  of  various  media,  including  soils,  for  seed 
germination  and  plant  development  (6b,  8b); 

b)  investigate  the  effect  of  various  plant  spacings  on  plant  growth 
and  development  (8a); 

*c)  design  and  carry  out  an  experiment  to  show  the  effect  of  tem¬ 
perature  on  plant  growth  (e.g. ,  the  rooting  of  softwood  stem 
cuttings  or  the  germination  of  seeds); 
d)  demonstrate  the  effect  of  various  light  intensities  on  plant 
growth  and  development; 

*e)  demonstrate  geotropism  or  phototropism; 
f)  investigate  the  effects  of  high  or  low  levels  of  nutrients  on  pot¬ 
ted  plants  (6c); 

*g)  investigate  the  effects  of  pinching,  disbudding,  or  hardening 
on  the  development  of  plants; 

*h)  investigate  the  effects  of  hormone  powders  on  the  rooting  of 
softwood  stem  cuttings  (6d,  8c,  8d); 
i)  demonstrate  the  effect  of  increased  or  decreased  carbon  diox¬ 
ide  levels  on  the  growth  of  potted  plants; 

*  j)  test  soil  samples  for  the  relative  levels  of  some  of  the  major 
nutrients,  such  as  nitrogen,  phosphorus,  potassium,  and 
calcium. 

3-  Applications 

a)  Rooting  hormone  powders  can  be  applied  to  the  cut  parts  of 
species  that  are  hard  to  propagate  from  cuttings  to  aid  rooting. 

b)  Plants  may  be  grown  hydroponically  if  the  basic  principles 
involved  in  plant  culture  are  adhered  to. 

c)  Forest  nursery  seedlings  are  dug  or  lifted  in  the  fall  according  to 
light  conditions  and  temperatures. 

d)  The  thinning  of  various  vegetable  plants,  such  as  beets  or  let¬ 
tuce,  is  necessary  to  allow  space  for  proper  plant  development. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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4-  Societal  Implications 

a)  Plant  modification  by  some  form  of  pruning  is  often  necessary 
to  obtain  the  desired  size  and  form  of  flowers  to  produce  quan¬ 
tities  of  fruit  commercially. 

b)  Soil  is  the  most  widespread  medium  for  growing  plants 
because  of  its  abundance  and  its  capacity  to  store  mineral 
nutrients.  Soilless  media  are  considered  by  many  horticultur¬ 
ists  to  be  superior  to  soil. 

c)  Plant-growth  factors  can  be  only  partially  regulated  in  field  situ¬ 
ations.  However,  in  greenhouses  they  may  be  electronically 
monitored  and  regulated  by  computerized  equipment. 

d)  Plants  from  various  parts  of  the  world  may  be  utilized  for  home 
and  garden  decoration,  as  well  as  for  garden,  field,  and  forest 
production,  if  the  proper  conditions  for  plant  growth  and 
development  can  be  provided. 

5-  Evaluation  of  Student  - 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  laboratory  reports  on  the  use  of  various  media  for  seed 
germination; 

b)  ability  to  measure  abiotic  factors ; 

c)  design  of  experiments  to  illustrate  the  effect  of  abiotic  factors 
on  plant  growth; 

d)  ability  to  interpret  experimental  data  involving  abiotic  and 
biotic  factors. 

6-  Safety  Considerations 

a)  Students  should  be  cautioned  that  some  plants  may  cause 
allergic  reactions. 

b)  Students  should  wash  their  hands  after  working  with  any  soils , 
fertilizers,  or  chemicals. 

c)  Students  should  be  cautioned  that  soluble  fertilizers  are  mixed 
with  dyes  that  will  temporarily  stain  the  hands. 

d)  Students  should  exercise  care  when  making  softwood  stem 
cuttings  with  sharp  knives. 

e)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  demonstrate  methods  of  soilless  culture; 

b)  investigate  the  effects  of  day  length  on  a  responsive  plant,  such 
as  poinsettia; 
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c)  demonstrate  an  absorption  spectrum  for  extracted  chloro¬ 
phylls  from  plants; 

d)  demonstrate  the  effect  of  a  regular  fertilizing  program  on  the 
growth  of  relatively  quick-growing  house  plants. 

8-  Some  Teaching  Suggestions 

a)  A  growth  area  or  greenhouse  is  desirable  for  this  unit .  Teachers 
must  make  plans  regarding  growth  areas  well  in  advance  of 
teaching  this  unit. 

b)  A  variety  of  media  (perhaps  suggested  by  students),  such  as 
sand,  gravel,  vermiculite,  sawdust,  manure,  and  compost,  must 
be  acquired  for  the  media  experiment.  Students  can  be  encour¬ 
aged  to  use  a  medium  brought  from  home.  Seeds  such  as  corn 
or  beans  are  satisfactory  for  planting. 

c)  Cutting  stock  and  materials,  such  as  rooting  hormones,  fertil¬ 
izers,  and  plant  containers  for  propagation,  must  be  obtained 
ahead  of  time. 

d)  Somewhat  shrubby  plant  material,  such  as  fuchsia,  willow,  or 
English  ivy,  usually  prove  to  be  more  responsive  to  rooting  hor¬ 
mone  treatment  than  easily  rooted  species. 

e)  The  activities  suggested  for  this  unit  can  easily  be  integrated 
with  other  units  in  the  course.  This  approach  will  allow  the 
development  of  plant-growth  experiments  over  an  extended 
period  of  time. 
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Domestic  Animals  and 
Their  Food  Requirements 

Time:  16  hours 


This  unit  focuses  on  the  domestic  animals  that  are  the  prime  pro¬ 
ducers  of  the  protein  and  related  meat  products  used  by  humans.  It 

may  be  divided  into  topics  such  as  the  following: 

Animals  in  energy  pyramids 
The  value  of  animals  to  people 
Animal  digestive  systems 
Energy  conversion  rates 
The  effects  of  feed  on  growth 
Diseases  from  malnutrition 

1-  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  role  that  animals  play  in  food  chains; 

b)  a  curiosity  as  to  how  animals  may  be  properly  nourished  to  pro¬ 
duce  products  for  society  (4a); 

c)  an  appreciation  for  the  dependence  of  human  lifestyle  on  ani¬ 
mals  and  their  products  (4b). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  estimating  the  dietary  intake  required  by  common  pets  or  food- 
producing  animals,  such  as  domestic  farm  animals,  and 
selected  wild  animals  (2d); 

b)  observing  the  alimentary  canals  of  selected  organisms,  for 
example,  fish,  birds,  chickens,  pigs,  or  cattle  (2b); 

c)  observing  and  describing  feed  sources  for  food-producing  ani¬ 
mals  (2d); 


d)  identifying  wild  and  domesticated  animals ; 

e)  grouping  animals  according  to  their  nutritional  requirements 
and  product  use  (2  c). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  a  typical  energy  pyramid  that  includes  animals  that  are 
used  for  human  consumption  and  describe  the  significance  of 
the  position  of  animals  in  the  pyramid  (2a); 

b)  describe  the  feed  requirements  of  domestic  animals  raised  for 
the  commercial  production  of  food  products  (2c); 

c)  describe  the  basic  structure  and  function  of  the  digestive  sys¬ 
tem  of  selected  animals  (2  b); 

d)  relate  the  digestive  system  of  selected  animals  to  the  type  of 
food  consumed  (2b); 

e)  compare  the  dietary  requirements  of  a  pet  animal,  a  domestic 
farm  animal,  a  fish,  and  a  wild  animal  (2c); 

f)  compare  the  energy-conversion  efficiencies  of  at  least  three  dif¬ 
ferent  domestic  animals  that  are  used  for  food  (2e); 

g)  identify  the  relationship  between  quality  of  food  and  growth 
rate  in  a  domestic  animal; 

h)  list  one  or  two  diseases  found  in  pet  or  farm  animals  that  are 
caused  by  malnutrition,  and  relate  these  diseases  to  diet  plan¬ 
ning  (21); 

i)  describe  the  reasons  for  using  hormone  implants  and  additives 
to  feed  rations. 

2,  Student  Activities 

Students  are  to: 

*a)  illustrate  typical  food  webs  in  a  diagram  to  show  the  relation¬ 
ship  of  common  animals  to  their  food  sources; 

*b)  compare  the  structure  and  function  of  the  digestive  systems  of 
selected  animals  and  relate  these  to  their  diets  (8a); 

*c)  compare  the  ingredients  in  common  feed  mixtures  used  for 
selected  animals  by  examining  the  labels  on  the  food  packages 
(8b); 

d)  prepare  a  feed  ration  based  on  an  animal’s  nutritional  require¬ 
ments  and  feed  the  animal  for  a  period  of  time  to  observe 
growth  (6); 

e)  compare  the  efficiency  of  body-mass  gain  for  selected  breeds 
of  animals  (e.g.,  Charolais  cattle,  Landrace  pigs,  poultry 
capons,  Hereford  steers); 

f)  write  a  report  on  nutritional  disorders  found  in  wild  or  domes¬ 
tic  animals  (e.g.,  milk  fever  in  cattle,  rhinitis  in  swine,  scurvy). 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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3-  Applications 

a)  Proper  protein-energy  mixtures  along  with  mineral  additives  in 
dairy  rations  have  maximized  milk  production  per  cow  while 
maintaining  animal  health. 

b)  Modern  prepared  feed  mixtures  contain  natural  grains  (oats, 
wheat,  barley),  soybean  protein,  minerals,  and  vitamins. 

c)  Rapid  rates  of  gain  in  animals  can  be  achieved  through  hor¬ 
mone  implants  and  additives  to  feed  rations. 

4-  Societal  Implication 

The  development  of  new  feed-source  supplements  has  increased 

the  variety  of  feeds  for  food-producing  organisms.  In  many  parts  of 

the  world  people  cannot  afford  the  cost  of  meat  products. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  illustrations  of  a  typical  food  web ; 

b)  comparisons  of  the  digestive  systems  of  several  animals; 

c)  comparisons  of  the  ingredients  in  common  feed  mixtures . 

6-  Safety  Considerations 

a)  The  safety  considerations  for  this  unit  will  depend  on  the  scope 
of  the  selected  activities.  Appropriate  animal-care  guidelines 
must  be  followed. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  visit  a  local  animal  shelter,  feed  store,  or  dairy  farm  to  observe 
the  feeds  that  are  available; 

b)  attempt  to  prepare  a  feed  ration  for  a  particular  animal  from 
basic  raw  materials. 

8.  Some  Teaching  Suggestions 

a)  The  animals  selected  for  study  in  this  unit  should  be  appropri¬ 
ate  to  the  location  of  the  school  and  the  interest  of  students. 

b)  The  teacher  should  collect  labels  from  various  kinds  of  feed 
bags  prior  to  beginning  the  unit. 


Optional  Unit  5 


Microbiology 

Time:  16  hours 


Because  of  the  nature  of  their  growth  and  reproductive  capacity, 
many  micro-organisms  have  great  economic,  social,  and  medical 
importance.  The  fundamental  rules  of  personal,  public,  and 
domestic  hygiene  rest  on  an  understanding  of  the  characteristics  o 
these  organisms.  Micro-organisms  also  play  a  key  role  in  the  bio¬ 
sphere  as  decomposers  of  dead  material. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

The  role  of  micro-organisms  in  ecosystems 
Types  of  micro-organisms 
Culture  techniques 
The  distribution  of  bacteria 
Growing  conditions  for  bacteria 
The  structure  of  micro-organisms 
Harmful  micro-organisms 
The  control  of  bacteria 

Industrial  and  commercial  uses  of  micro-organisms 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  significance  of  micro-organisms  in  main 
taining  nutrient  cycles  in  the  environment  (2a,  3c,  3d); 

b)  a  respect  for  the  potential  for  diseases  caused  by  some  micro¬ 
organisms  (3a,  3b,  4a-4c); 

c)  a  commitment  to  personal  and  public  sanitation  (3b,  4a,  4d); 

d)  an  appreciation  of  the  diversity  and  number  of  micro¬ 
organisms  (2b). 
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Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  using  a  microscope  to  identify  micro-organisms  and  examine 
their  structure  (2b); 

b)  preparing  diagrams  to  record  the  structure  of  micro-organisms 

(2b); 

c)  culturing  bacteria  safely  (2c,  2d); 

d)  using  bacteria-culture  techniques  to  make  population  estimates 
of  bacteria  from  different  sources,  such  as  air,  water,  and  soil 
(2c); 

e)  designing  experiments  to  determine  the  growth  requirements 
of  bacteria  (2d). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  the  role  of  micro-organisms  in  ecosystems  as  decom¬ 
posers  in  nutrient  cycles  (2a); 

b)  identify  several  different  types  of  micro-organisms,  such  as  bac¬ 
teria,  fungi,  algae,  protozoa,  and  viruses  (2b); 

c)  describe  the  techniques  required  for  the  safe  culture  of  bacteria 

(2c); 

d)  describe  the  distribution  and  frequency  of  bacteria  in  soil,  air, 
water,  and  living  organisms  (2c); 

e)  explain  the  effect  of  various  environmental  conditions  on  the 
growth  of  bacteria,  including  light  intensity,  temperature,  oxy¬ 
gen  concentration,  water  availability,  and  nutrient  availability 
(2d); 

f)  describe  the  cellular  structure  and  organization  of  several 
micro-organisms,  including  bacteria,  fungi,  algae,  and 
protozoa; 

g)  state  the  harmful  effects  of  some  micro-organisms,  such  as 
those  causing  human  diseases,  food  spoilage,  crop  diseases, 
and  water  contamination; 

h)  describe  the  beneficial  use  of  micro-organisms  in  industrial- 
commercial  processes,  such  as  the  production  of  antibiotics, 
wine,  ensilage,  yogurt,  cheeses,  and  vinegar;  tanning;  and  sew¬ 
age  treatment; 

i)  describe  methods  of  controlling  or  inhibiting  the  growth  of 
bacteria,  including  the  use  of  drugs  and  antibiotics  to  fight  dis¬ 
eases;  chemicals  (e.g.,  chlorine)  to  treat  water;  fungicides  to 
control  some  crop  diseases;  and  the  dehydration,  freezing,  can¬ 
ning,  and  pasteurization  of  foods  (2d,  2e). 

2.  Student  Activities 

Students  are  to: 

a)  investigate  the  effects  of  different  soil  types  on  the  decomposi¬ 
tion  of  a  small  piece  of  organic  matter  (paper)  buried  in  a  sample 
of  each  type  of  soil; 


*b)  use  a  microscope  to  observe  and  identify  different  types  of 
micro-organisms  in  terms  of  such  criteria  as  shape,  structure, 
and  organization  (8b); 

*c)  culture  bacteria  from  samples  of  fertile  soil,  pond  water,  and  air 
and  estimate  the  population  of  bacteria  in  each  source  (6a-6d, 
8a); 

d)  conduct  experiments  to  determine  the  effect  on  the  growth  of 
bacteria  of  factors  such  as  variations  in  temperature,  light  inten¬ 
sity,  and  nutrients  and  the  presence  and  absence  of  water 
(6a-6d); 

e)  use  antibiotic  discs  placed  on  cultures  of  bacteria  to  determine 
the  effect  of  different  antibiotics  on  bacterial  colonies 
(6a-6d,  8c). 

3-  Applications 

a)  A  knowledge  of  microbiology  provides  the  basis  for  the  treat¬ 
ment  of  some  diseases. 

b)  The  preservation  of  food  and  the  treatment  of  drinking  water 
are  based  on  our  knowledge  of  the  growing  conditions  for 
micro-organisms. 

c)  Sewage  treatment  in  urban  sewage-treatment  plants  and  in 
rural  septic  tanks  utilizes  micro-organisms  to  decompose 
organic  wastes. 

d)  Fertile  agricultural  soils  are  maintained  by  the  addition  of 
organic  matter,  which  is  decomposed  by  micro-organisms  to 
form  humus. 

e)  The  preparation  of  some  commercial  products,  such  as  wine, 
cheese,  and  antibiotics,  requires  the  use  of  micro-organisms. 

f)  Micro-organisms  have  been  used  in  genetic-engineering  exper¬ 
iments  to  produce  useful  products  (e.g.,  insulin). 

4.  Societal  Implications 

a)  A  knowledge  of  bacterial  control  and  personal  hygiene  may 
help  in  disease  prevention. 

b)  Bacteria  can  become  resistant  to  specific  antibiotics,  making 
them  difficult  to  control. 

c)  New  antibiotics  are  constantly  being  discovered  and  tested. 
Some  of  these  antibiotics  are  produced  by  bacteria  discovered 
in  soil. 

d)  Water  supplies  can  be  contaminated  by  bacteria  in  run-off  from 
farms  and  from  poor  sewage-treatment  facilities. 


’See  the  subsection  entitled  “Student  Activities”  on  page  5 
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5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

/ 

a)  ability  to  design  and  carry  out  an  experiment  to  determine  the 
growth  requirements  of  bacteria; 

b)  diagrams  showing  the  structure  of  micro-organisms. 

6.  Safety  Considerations 

a)  Pathogenic  bacteria  must  not  be  intentionally  cultured. 

b)  Cultures  should  be  inoculated  with  bacteria  from  sources 
where  pathogenic  bacteria  are  unlikely  to  occur. 

c)  Petri  dishes  containing  cultures  of  micro-organisms  should  be 
taped  shut  after  inoculation  and  should  remain  sealed  until 
disposal. 

d)  All  bacteria  cultures  should  be  autoclaved  before  disposal . 

e)  Pure  cultures  of  non-pathogenic  bacteria  are  available  from 
biological-supply  companies. 

f)  Prepared,  stained  slides  of  bacteria,  which  are  available  from 
biological-supply  companies,  should  be  used  for  microscope 
work. 

g)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7_  Possible  Extensions 

Some  students  might: 

a)  visit  a  sewage-  or  water-treatment  plant ; 

b)  investigate  the  effect  of  ultraviolet  light  on  the  growth  of  micro¬ 
organisms; 

c)  use  the  disc  technique  to  investigate  the  antiseptic  effect  of  var¬ 
ious  non-prescription  materials,  such  as  toothpastes,  mouth 
washes,  and  disinfectants,  on  the  growth  of  micro-organisms. 

8-  Some  Teaching  Suggestions 

a)  The  bacterial  populations  in  water  can  be  compared  in  samples 
from  several  sources,  such  as  a  lake,  river,  marsh,  ditch,  and  tap. 

b)  Staining  bacteria  for  microscopic  examination  can  be  a  time- 
consuming  activity.  However,  unstained  bacteria  are  virtually 
impossible  to  see.  Prepared,  stained  slides  are  available  from 
biological-supply  companies. 

c)  Students  can  prepare  nutrient  agar  in  Petri  dishes  and  sterilize 
them  in  an  autoclave  (pressure  cooker).  The  Petri  dishes  should 
be  incubated  upside  down  at  room  temperature. 


Optional  Unit  6:  Forestry 


Optional  Unit  6 


Forestry 

Time:  16  hours 


The  purpose  of  this  unit  is  to  study  trees  at  the  organism  and  eco¬ 
system  levels.  The  importance  of  trees  to  humans  and  to  the  envi¬ 
ronment  will  be  emphasized. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

The  value  of  trees 

Determining  tree  age  and  history 

Basic  anatomy  and  physiology 

Reproduction,  improvement,  and  regeneration  methods 

Tree  measurements  and  timber  estimating 

Culture  and  management  practices 

Forest  succession 

Tree  identification 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  for  the  importance  of  the  roles  of  trees  in  our 
ecosystems  (3e,  3g,  4c); 

b)  a  concern  about  land-use  projects  that  destroy  valuable  trees; 

c)  an  appreciation  that  trees  are  a  renewable  resource  requiring 
careful  management  practices  if  they  are  to  be  maintained  (3c); 

d)  an  appreciation  for  the  benefits  of  trees  to  humans,  both  mate¬ 
rially  and  aesthetically  (3a,  3d,  3g). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  estimating  the  age  of  tree  stems  from  annular  rings  (2a); 

b)  classifying  tree  types,  organs,  stem  tissues,  and  the  reproduc¬ 
tive  parts  of  trees  (2a); 


30 


Environmental  Science,  Grade  10,  Advanced  Level  (SEN2A) 


c)  measuring  the  height  and  diameter  of  trees  (2e); 

d)  calculating  the  quantity  of  harvestable  lumber  in  a  tree  or  a  for¬ 
ested  area  (2e); 

e)  manipulating  tree-measuring  equipment,  such  as  calipers, 
increment  borers,  Biltmore  sticks,  and  hypsometers  (2e); 

f)  analysing  and  graphing  the  effects  of  trees  on  some  environ¬ 
mental  conditions,  such  as  precipitation,  light,  and  wind  (2g); 

g)  identifying  tree  species  by  their  characteristic  leaves  or  stems 
(2h); 

h)  vegetatively  propagating  a  tree,  such  as  willow  or  poplar,  from 
cuttings  (2d). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  uses  of  and  products  derived  from  trees; 

b)  interpret  the  age  and  past  history  of  a  tree  from  trunk  cross  sec¬ 
tions  (2a); 

c)  list  and  label  the  major  tree  parts  and  the  main  stem  tissues  (2b); 

d)  describe  the  growth  areas  in  trees,  including  root  and  stem 
cambium,  root  and  branch  tips,  and  axillary  or  lateral  buds 
(2b); 

e)  classify  several  hardwood  trees  according  to  whether  they  are 
monoecious  or  dioecious,  or  whether  they  possess  perfect 
flowers; 

f)  explain  the  development  of  spores  in  the  male  and  female 
cones  of  gymnosperms,  the  dispersal  of  male  spores,  fertiliza¬ 
tion,  and  the  development  of  seeds  in  the  female  cones  (8d); 

g)  state  the  usual  methods  of  propagation  of  cultivated  and  forest 
trees,  both  naturally  and  artificially  (2d); 

h)  explain  methods  such  as  selection  and  hybridization  for 
improving  native  conifers; 

i)  describe  practices  of  tending  trees  (e  ,g. ,  clearing,  pruning,  thin¬ 
ning,  making  improvement  cuttings,  clipping,  fertilizing,  con¬ 
trolling  pests  and  fire,  controlling  competition)  and  state  their 
benefits; 

j)  compare  the  major  methods  of  tree  cutting  (selection,  clear 
cutting); 

k)  describe  the  effect  of  an  orchard  or  forest  pest  on  the  cost  of 
management  and  on  the  ecology  of  the  orchard  or  forest; 

l)  list  the  general  types  of  organisms  found  in  each  stratum  of  a 
forest  ecosystem  (e.g.,  canopy,  seedlings)  (21); 

m)  describe  the  roles  of  various  organisms  in  the  forest  duff; 

n)  describe  forest  succession; 

o)  describe  problems  associated  with  tree  monoculture; 

' p)  describe  the  various  criteria  used  in  tree  identification  from  leaf 
or  stem  (2h). 


2.  Student  Activities 

Students  are  to: 

*a)  estimate  the  age  and  give  the  probable  life  history  of  a  tree  from 
a  cross  section  of  its  trunk  (8b); 

b)  examine  stem  cross  sections  and  identify  the  various  tissues 
(8b); 

c)  test  a  wood  sample  for  lignin  content,  using  phluraglucin 
solution; 

*d)  propagate  a  tree,  such  as  willow  or  poplar,  vegetatively  from 
cuttings  (6b,  8c); 

*e)  measure  tree  diameters  and  heights  and  calculate  the  harvesta¬ 
ble  timber  (8a); 

* f)  collect  and  identify  several  kinds  of  organisms  from  a  sample  of 
forest  (8g); 

*g)  collect  and  graph  data  on  the  effect  of  a  large  shade  tree  on 
environmental  conditions,  such  as  light,  temperature,  snow,  or 
wind; 

h)  identify  several  hardwoods  and  softwoods  by  leaf  or  twig  char¬ 
acteristics  (8a). 

3-  Applications 

a)  Suitable  tree  species  can  be  selected  for  planting  as  a  windbreak 
in  various  locations. 

b)  The  age  of  a  tree  can  be  estimated  from  a  borer  sample . 

c)  A  woodlot  can  be  harvested  in  such  a  way  as  to  allow  natural 
reseeding  by  desirable  species. 

d)  A  large  tree  on  a  property  adds  considerable  economic  value  to 
that  property. 

e)  The  planting  of  trees  on  river  banks  can  stabilize  the  soil  and 
limit  erosion. 

f)  Hybridization  is  resulting  in  better  trees  for  fruit  and  forest  pro¬ 
duction  (e.g.,  apple,  poplar). 

g)  Trees  and  shrubs  can  be  planted  to  provide  food  and  habitat  for 
desirable  birds  and  small  animals. 

4,  Societal  Implications 

a)  Many  different  careers  are  associated  with  the  forest  industry 
(e.g. ,  in  the  lumber  and  pulp-and-paper  industries). 

b)  Trees  are  valuable  natural  resources  that  provide  many  useful 
products  for  human  use. 

c)  The  forestry  and  fruit-products  industries  are  important  to  the 
Ontario  economy. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  measurements  of  the  height  and  diameter  of  trees  and  calcula¬ 
tions  of  the  quantity  of  harvestable  lumber; 

b)  analyses  and  graphs  of  the  effect  of  trees  on  some  environmen¬ 
tal  conditions; 

c)  ability  to  identify  tree  species  on  the  basis  of  their  stem  and  leaf 
characteristics. 

6-  Safety  Considerations 

a)  Appropriate  guidelines  should  be  established  and  followed  on 
any  field  trips  to  forested  areas. 

b)  Sharp  tools,  such  as  pruners  and  knives,  should  be  treated  with 
caution. 

c)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 


d)  Cut  twigs  of  elder  or  birch  can  be  placed  in  water  in  the  dor¬ 
mant  season  and  covered  with  plastic  to  stimulate  the  produc¬ 
tion  of  staminate  flowers  and  pollen  for  the  reproduction 
studies. 

e)  Many  kinds  of  collected  tree  seeds  can  be  scarified  to  overcome 
dormancy  by  mixing  them  with  sharp,  moist  sand  and  storing 
them  in  a  refrigerator  for  two  to  three  months. 

f)  The  sales  value  of  a  local  tree,  such  as  a  black  walnut,  may 
impress  students  as  to  the  economic  value  of  trees. 

g)  The  forest  duff  used  for  organism  extraction  should  be  recently 
collected. 

h)  A  Ministry  of  Natural  Resources  officer  or  a  conservation 
authority  officer  can  be  invited  to  explain  woodlot/forest- 
management  techniques. 

i)  In  areas  where  woodlots  or  forested  areas  are  accessible  to 
classes,  permission  may  be  obtained  to  practise  tending  opera¬ 
tions  such  as  pruning  and  cleaning. 


7.  Possible  Extensions 

Some  students  might: 

a)  demonstrate  the  destructive  distillation  of  wood ; 

b)  investigate  the  current  market  prices  for  firewood  or  timber; 

c)  collect,  scarify,  and  attempt  to  germinate  tree  seeds; 

d)  investigate  the  methods  used  to  break  seed  dormancy. 


8-  Some  Teaching  Suggestions 


a)  Although  several  forestry  topics  are  considered  in  this  unit,  a 
field  trip  to  a  forest  is  not  essential,  although  helpful.  Trees  on 
school  grounds,  in  local  parks,  and  on  home  properties  can 
provide  material  for  tree  identification.  Trees  on  school 
grounds  can  also  be  measured  and  the  amount  of  their  timber 
determined. 

b)  The  following  are  some  materials  that  the  teacher  must  gather 
or  obtain  prior  to  teaching  the  unit:  suitable  tree  cross  sections 
for  tree-age  and  tissue  studies,  male  and  female  conifer  cones 
and  other  reproductive  structures  for  tree-reproduction  stud¬ 
ies,  and  leaf  and  branch  samples  for  identification  purposes. 

c)  Unbranched  shoots  of  willow  or  poplar  that  are  of  “pencil” 
thickness  can  be  taken  in  the  dormant  season,  cut  into  15  to 
25  cm  lengths  (top  cut  just  above  a  node,  bottom  cut  just 
beneath  a  node),  and  rooted  in  coarse  sand  or  even  in  water. 
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Outdoor  (Survival)  Skills 

Time:  16  hours 


Camping  and  hiking  trips  into  the  out-of-doors,  and  particularly 
into  wilderness  areas,  are  popular  leisure-time  activities.  For  these 
trips  to  be  successful,  students  must  possess  particular  knowledge 
and  skills  related  to  appreciating  the  out-of-doors  and  to  appropri¬ 
ate  safety  precautions.  A  planned  overnight  excursion  is  an  integral 
part  of  this  unit.  It  may  be  possible  to  plan  this  excursion  in  co¬ 
operation  with  other  departments  in  the  school  whose  programs 
involve  Field  trips. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Planning  a  trip 
Safety  and  first  aid 
Protecting  the  environment 
Food,  water,  and  cooking 
Clothing,  footwear,  and  sleeping  gear 
Navigation 

Maintaining  body  temperature 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  a  commitment  to  be  prepared  when  venturing  into  the  wilder- 
4  ness(3a-3c); 

b)  an  awareness  of  the  sensitivity  of  the  environment  to  human 
activity  (4b); 

c)  a  respect  for  the  importance  of  planning  the  food,  clothing,  and 
shelter  for  an  outdoor  excursion  carefully  (3a,  3d). 
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Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  following  appropriate  safety  precautions  during  an  outdoor 
excursion  (2a); 

b)  choosing  and  preparing  food  suitable  for  an  excursion  (2e); 

c)  choosing  and  using  a  heating  source ,  such  as  a  portable  stove  or 
fire,  for  heating  and  cooking  (2f); 

d)  finding  and  sterilizing  water  for  drinking; 

e)  choosing  the  proper  clothing  for  outdoor  activities  (2h); 

f)  choosing  suitable  equipment  for  outdoor  activities  (2a); 

g)  building  an  emergency  shelter  (2 i); 

h)  choosing  and  packing  a  backpack  or  canoe  pack  (2c); 

i)  finding  their  way  by  means  of  maps,  compasses,  the  sun,  the 
stars,  and  vegetation  (2d); 

j)  observing  their  natural  surroundings  and  identifying  the  loca¬ 
tion  of  specific  biotic  and  abiotic  features  (2a). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  safety  practices,  methods  of  rescue,  and  first-aid  tech¬ 
niques  for  land,  ice,  and  water  (8a); 

b)  describe  ways  of  protecting  themselves  from  animals  and  poi¬ 
sonous  plants; 

c)  state  the  amount  of  water  needed  by  the  body  under  various 
conditions,  list  sources  of  drinking  water,  and  indicate  ways  of 
treating  it  to  make  it  safe  to  drink; 

d)  describe  the  energy  value  of  common  foods,  methods  of  pack¬ 
aging  and  storing  food  for  outings,  and  some  edible  wild  plants 

Pc); 

e)  describe  the  insulating  qualities  of  different  materials  and  the 
design  of  clothing  and  footwear  for  the  outdoors  (2h); 

f)  state  the  causes  of  hypothermia  and  describe  suitable  preventa¬ 
tive  measures  and  treatment  (2b); 

g)  describe  the  physical  demands  of  various  outdoor  activities . 

2.  Student  Activities 

Students  are  to: 

*a)  participate  in  an  outdoor  camping  excursion  (6a-6f,  8f,  8j); 

b)  demonstrate  various  first-aid  procedures,  including  artificial 
resuscitation,  for  common  injuries  (e.g.,  sprains,  cuts,  insect 
bites,  sunburn,  hypothermia); 

c)  compare  the  design,  material,  fit,  and  capacity  of  different 
packs; 

*d)  use  a  compass  outdoors  to  take  bearings  and  to  follow  bearings 
from  a  map  (6a,  6c,  8c); 

e)  illustrate  different  methods  of  packaging  food  for  transport; 

f)  choose  and  use  the  most  appropriate  method  to  cook  simple 
foods  (6b,  6d,  8a); 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Optional  Unit  7:  Outdoor  (Survival)  Skills 


g)  compare  tents  of  different  material  and  design  and  design  an 
emergency  shelter  (8a); 

h)  compare  the  design  and  properties  of  outdoor  clothing  and 
footwear; 

i)  make  a  basic  survival  kit  (8d ,  8g) . 

3-  Applications 

a)  People  who  are  familiar  with  survival  skills  are  comfortable  in 
the  out-of-doors. 

b)  A  knowledge  of  outdoor  skills  increases  a  person’s  chance  of 
surviving  an  emergency  in  the  wilderness. 

c)  A  knowledge  of  outdoor  skills  may  lead  to  outdoor  work  or 
hobbies. 

d)  People  who  have  studied  outdoor  equipment  will  be  compe¬ 
tent  to  choose  equipment  for  themselves. 

4-  Societal  Implications 

a)  The  decrease  of  physical  challenges  and  danger  in  everyday  life 
makes  people  look  for  those  things  in  the  wilderness. 

b)  The  growing  popularity  of  wilderness  activities  is  endangering 
many  wilderness  areas. 

c)  People  who  go  camping  and  canoeing  find  that  it  is  no  longer 
possible  to  live  off  the  land  as  people  did  in  the  past. 

d)  The  selection  of  suitable  camping  materials  may  reduce  pollu¬ 
tion  of  the  environment. 

5-  Evaluation  of  Student 
Achievement 

At  least  60  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  observations  of  the  natural  surroundings,  including  specific 
biotic  and  abiotic  features; 

b)  reports  outlining  safety  precautions  in  the  out-of-doors; 

c)  ability  to  demonstrate  proper  first-aid  techniques  for  a  simple 
injury. 


e)  Students  should  be  cautioned  about  poisonous  plants  and  dan¬ 
gerous  insects  and  other  animals  that  may  be  encountered  on  a 
field  trip. 

f)  Students  should  be  asked  to  report  any  allergies  or  health  prob¬ 
lems  to  the  teacher  prior  to  going  on  a  trip. 

g)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  make  a  list  of  food  and  clothing  for  a  specific  excursion; 

b)  investigate  the  environmental  dangers,  such  as  poison  ivy,  in  a 
specific  district; 

c)  plan  a  trip,  using  a  map  and  compass; 

d)  test  the  effectiveness  of  various  insect  repellents. 

8-  Some  Teaching  Suggestions 

a)  Safety  should  be  emphasized  in  all  activities  in  this  unit. 

b)  This  unit  can  be  logically  integrated  with  another  unit  in  the 
course  that  requires  a  field  trip. 

c)  An  orienteering  trail  can  be  set  up  for  compass  work . 

d)  Individual  survival  kits  can  be  constructed  for  excursions. 

e)  An  “outdoors  club”  can  be  organized  to  take  weekend  trips. 

f)  The  “out  of  camp  and  leave  no  trace”  philosophy  should  be 
emphasized. 

g)  Pemmican  and  bannock  can  be  made  in  the  laboratory. 

h)  Emergency  shelters  should  be  built  only  in  an  emergency. 

Many  provincial  parks  have  their  own  safety  procedures  and 
rules  in  cases  of  emergency. 

i)  Co-operative  planning  among  departments  in  the  school  may 
make  it  possible  to  combine  this  field  trip  with  one  planned  by 
another  department. 

j)  Prior  to  the  trip  the  teacher  should  investigate  the  area  in  which 
the  field  trip  is  to  be  taken  for  potential  hazards. 


6-  Safety  Considerations 

a)  A  copy  of  travel  plans  must  be  left  with  a  responsible  person . 

b)  Saws,  axes,  stoves,  and  other  outdoor  equipment  must  be  used 
in  an  approved  manner. 

c)  A  well-maintained  first-aid  kit  should  be  taken  on  every 
excursion. 

d)  Fires  should  not  be  built  outdoors  when  the  risk  of  forest  fires  is 
high. 
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Environmental  Science,  Grade  10,  Advanced  Level  (SEN2A) 


Locally  Designed  Unit 

Time:  16  hours 


This  unit  is  to  be  designed  at  the  local  level  as  desired.  It  can  be 
used  to  introduce  a  new  area  or  topic  of  environmental  science  not 
described  in  this  guideline  or  to  incorporate  additional  objectives 
that  will  expand  a  part  or  parts  of  the  course  already  covered.  The 
following  are  examples  of  areas  or  topics  that  might  be  considered: 
ecology,  agriculture,  horticulture,  forestry,  outdoor  studies,  envi¬ 
ronmental  issues,  pollution,  natural  resources. 

This  unit  may  provide  an  excellent  opportunity  for  students  to 
engage  in  independent  study  on  a  topic  in  environmental  science 
that  is  of  particular  interest  to  them  and  that  is  approved,  moni¬ 
tored,  and  evaluated  by  the  teacher.  Students  may  work  individ¬ 
ually  or  in  small  groups.  Care  should  be  taken  not  to  allow  the  work 
to  overlap  with  subject  matter  in  other  environmental  science  or 
science  courses  that  students  are  likely  to  take.  The  unit  could  be 
started  after  students  have  had  some  experiences  in  the  laboratory 
and  are  well  aware  of  accident  prevention.  If  a  series  of  short  topics 
is  considered,  these  topics  may  be  fitted  into  the  course  schedule 
from  time  to  time  throughout  the  semester  or  year. 

A  locally  designed  unit  is  to  incorporate  components  similar  to 
those  adopted  in  the  core  units,  namely,  objectives,  student  activi¬ 
ties,  applications,  societal  implications,  and  safety  considerations. 
An  outline  of  the  unit  is  to  be  included  with  the  school’s  course  of 
.  study  and  kept  on  file  so  that  it  is  available  to  interested  students 
and  parents. 
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Advanced  Level 

(SEN4A) 


Core  Units 
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Core  Unit  1 


Energy  Resources 

Time:  16  hours 


In  this  unit  students  will  consider  the  many  energy  options  that  are 

available  and  discuss  those  factors  that  are  most  pertinent  to  a 

secure  energy  future. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Non-renewable  energy 
Renewable  energy 
Energy  from  waste 
Conservation  and  lifestyle 
Future  energy  strategies 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  dependence  of  all  organisms  on  energy 
for  survival: 

b)  a  concern  for  the  heavy  reliance  of  the  Western  world  on  non¬ 
renewable  energy  forms; 

c)  a  questioning  attitude  towards  lifestyles  that  involve  a  wasteful 
use  of  energy  (3e); 

d)  a  supportive  attitude  towards  scientific  research  that  is  aimed  at 
increasing  the  efficiency  of  energy  use. 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in : 

a)  calculating  energy-conversion  efficiencies  (2b); 

b)  measuring  the  pH  of  water  samples  (2  e); 

c)  calculating  the  half-life  of  a  radioisotope  (2  d) . 


Environmental  Science,  Grade  12,  Advanced  Level  (SEN4A) 


Knowledge.  Students  will  be  expected  to: 

a)  recall  sources  of  non-renewable  and  renewable  energy; 

b)  analyse  the  advantages  and  disadvantages  of  various  energy 
sources  for  Ontario  consumers  in  terms  of  the  risks  and  bene¬ 
fits  associated  with  them; 

c)  explain  the  meaning  of  the  terms  cracking,  refining  and 
petrochemical; 

d)  explain  the  meaning  of  the  terms  half-life,  decay  mode,  and 
decay  series  and  apply  these  terms  to  the  production  of  nuclear 
energy  (2d); 

e)  distinguish  between  active  and  passive  solar  heating; 

f)  list  the  relative  energy  content  of  various  transportation  fuels, 
such  as  gasoline,  propane,  and  methanol,  and  discuss  the  fac¬ 
tors  involved  in  choosing  the  best  transportation  fuel  for 
Ontario  (2a); 

g)  describe  various  methods  of  obtaining  energy  from  waste 
materials  (2g); 

h)  discuss  the  relationship  between  the  pH  of  rain  and  its  effects 
on  the  environment  (2e); 

i)  summarize  the  environmental  impact  of  various  non¬ 
renewable  energy  sources  and  discuss  the  efficiency  of  each 
energy  source  from  a  cost  perspective; 

j)  identify  the  major  energy-consuming  devices  in  the  home  and 
rank  them  according  to  total  consumption  over  a  one-year 
period; 

k)  explain  the  use  of  the  terms  R-value  and  airtight  construction 
and  relate  these  terms  to  home  insulation  (2h); 

l)  list  the  lifestyle  habits  that  are  energy  efficient  and  those  that 
are  wasteful  of  energy; 

m)  describe  the  factors  that  should  be  considered  in  planning 
future  strategies  for  energy  resource  management  in  Ontario 
and  Canada  and  discuss  the  risks  and  benefits  of  the  various 
options. 

2.  Student  Activities 

Students  are  to: 

a)  design  and  carry  out  an  experiment  to  measure  the  chemical 
potential  energy  of  a  fuel  such  as  natural  gas  and  compare  the 
result  with  the  accepted  value; 

*b)  trace  the  energy  conversions  that  are  necessary  in  order  to  pro¬ 
vide  a  home  with  electricity  and,  given  the  conversion  effi¬ 
ciency  for  each  step,  calculate  the  net  efficiency  of  this  energy 
system; 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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c)  determine  the  power  output  of  solar  cells  by  taking  readings 
with  both  an  ammeter  and  a  voltmeter  and  calculate  the  area  of 
solar  cells  needed  to  produce  ten  kilowatts  of  power  (for  a 
home  with  DC  appliances  and  independent  of  the  local  hydro 
utility)  (8a); 

*d)  i)  calculate  the  half-life  for  a  radioisotope  such  as 

Barium  137  on  the  basis  of  experimental  data  provided  or 
collected  by  means  of  a  Geiger-Muller  tube  and  counter; 

ii)  graph  given  data  to  determine  the  decay  curve  for  a 
radioisotope  and  establish  a  linear  or  exponential 
relationship  for  the  graph; 

iii)  observe  the  difference  between  alpha,  beta,  and  gamma 
tracks  in  a  cloud  chamber  (6a,  8e); 

*e)  measure  the  pH  levels  of  several  water  samples  from  various 
sources,  compare  them  to  the  pH  of  natural  rainwater,  and 
attempt  to  account  for  the  differences; 

f)  analyse  data  on  the  source  and  quantity  of  emissions  of  the 
oxides  of  sulphur  and  nitrogen  in  Ontario  and  suggest  methods 
of  reducing  acid  deposition; 

g)  devise  an  experiment  to  determine  the  energy  content  in  one 
sheet  of  newspaper,  extrapolate  the  result  to  determine  the 
energy  potential  of  the  newspapers  that  are  thrown  away  in  one 
week,  and  calculate  the  cost  of  purchasing  this  same  amount  of 
energy  at  current  energy  costs; 

h)  i)  do  an  R-value  analysis  of  a  home ,  carry  out  a  heat-loss 

calculation,  and  identify  ways  of  making  the  home  more 
airtight  (8a); 

ii)  investigate  modern  construction  techniques  for  energy- 
efficient  homes  and  compare  these  dwellings  in  terms  of 
the  ways  in  which  they  take  advantage  of  passive  solar 
heating  (8a). 

3-  Applications 

a)  New  industries  and  jobs  have  grown  out  of  the  research  into 
and  development  of  renewable  energy  forms. 

b)  Propane  is  now  widely  available  as  a  substitute  for  gasoline  as  a 
transportation  fuel,  but,  like  gasoline,  it  is  limited  in  quantity. 

c)  Methods  must  be  implemented  for  the  long-term  storage  of 
nuclear- waste  fuel  bundles. 

d)  An  understanding  of  energy  systems  and  conservation  tech¬ 
niques  has  made  it  possible  to  save  money  in  the  home. 


Core  Unit  1:  Energy  Resources 


4.  Societal  Implications 

a)  The  construction  and  operation  of  nuclear  power  plants  con¬ 
tinues  to  be  a  controversial  issue.  The  capital  cost,  disposal  of 
wastes,  and  long-term  effects  of  releasing  low-level  amounts  of 
radioisotopes  into  the  environment  are  topics  in  the  debate. 

b)  Environmental  degradation  has  increased  dramatically  with 
acid  deposition.  A  large  part  of  the  problem  has  been  traced  to 
the  burning  of  coal  in  generating  stations  and  to  the  smelting  of 
sulphurous  ores. 

c)  The  costs  for  environmental  clean-up  programs  and  pollution- 
control  equipment  are  the  responsibility  of  everyone. 

d)  A  large  portion  of  Ontario’s  primary  energy  is  imported. 

Energy  self-sufficiency  is  a  long-term  goal  for  Canada. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  calculations  of  the  half-life  of  an  isotope; 

b)  written  assignments  providing  an  analysis  of  the  data  on  the 
sources  and  quantity  of  the  emissions  of  sulphur  and  nitrogen 
oxides  in  Ontario; 

c)  calculations  of  the  net  efficiency  of  the  energy  system  used  to 
provide  a  home  with  electricity. 

6-  Safety  Considerations 

a)  Regulations  for  the  storage  and  use  of  radioactive  materials 
must  be  followed. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  produce  hydrogen  gas  by  electrolysis,  using  solar  energy; 

b)  build  a  solar  cooker  to  boil  water  or  cook  a  hot  dog; 

c)  design  an  experiment  to  demonstrate  biogas  production  from 
hay  organic  residue; 

d)  conduct  an  oil-spill  experiment  to  determine  the  most  effective 
material  for  containing  oil  in  and  absorbing  it  from  the  water; 

e)  prepare  a  submission  to  the  school  principal  on  the  advantages 
of  running  a  paper-recycling  program  at  the  school. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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8.  Some  Teaching  Suggestions 

a)  Available  computer  software  can  provide  simulations  or  the 
analysis  of  data  appropriate  to  different  sections  of  the  unit. 

b)  The  trade-offs  that  must  be  considered  regarding  sources  of 
energy  supply  should  be  emphasized  throughout  this  unit. 

c)  The  benefits  of  energy  conservation  should  be  discussed  both 
in  economic  terms  and  in  terms  of  energy  supplies  for  future 
generations. 

d)  A  debate  focusing  on  the  cost-risk  issues  related  to  energy 
sources  can  add  interest  to  this  unit. 

e)  A  nuclide  chart,' which  allows  students  to  trace  a  decay  series 
and  to  see  the  half-life  of  other  daughter  elements  found  in 
nuclear  fuel  bundles,  is  a  useful  resource  in  this  unit. 

f)  Radioactive  sources  should  be  labelled  and  stored  in  an 
approved  manner. 


Environmental  Science,  Grade  12,  Advanced  Level  (SEN4A) 


An  Aquatic  Ecosystem 
Study 

Time:  16  hours 


Aquatic  ecosystems  contain  a  great  diversity  of  life  and  play  an 
important  role  in  the  maintenance  of  the  quality  of  an  environ¬ 
ment.  The  study  of  a  selected  aquatic  ecosystem  provides  the 
opportunity  for  students  to  consider  examples  of  the  various  pro¬ 
cesses  and  relationships  that  exist  among  the  organisms  and  abiotic 
factors  of  the  ecosystem. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Abiotic  characteristics 
Plant  populations 
Animal  populations 
Micro-organisms  and  water  quality 
Interrelationships  of  organisms 
Human  influence 
Eutrophication 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  a  respect  for  the  delicate  balances  in  an  aquatic  ecosystem  (4e); 

b)  an  appreciation  of  the  role  of  aquatic  ecosystems  in  the  envi¬ 
ronment  (3a-3e); 

c)  a  concern  about  the  need  of  all  life  forms  for  clean  water 
(3a,  3e). 


39 


Core  Unit  2:  An  Aquatic  Ecosystem  Study 


Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  observing  and  identifying  various  species  of  plants,  animals, 
and  other  micro-organisms  in  an  aquatic  ecosystem  (2b,  2d); 

b)  measuring  the  abiotic  characteristics  of  an  aquatic  ecosystem, 
such  as  temperature,  light  intensity,  pH,  currents,  and  the 
chemical  content  of  water  samples  (2a); 

c)  estimating  the  population  of  some  aquatic  species,  using  var¬ 
ious  techniques  (2c); 

d)  using  a  microscope  to  identify  the  micro-organisms  present  in 
water  samples  from  an  aquatic  ecosystem  (2b,  2d); 

e)  conducting  both  field  and  library  research  to  investigate  a  spe¬ 
cific  organism  in  an  aquatic  ecosystem  (21). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  the  abiotic  characteristics  at  the  water’s  surface, 
including  temperature,  light  intensity,  and  air  movement,  and 
describe  the  variation  of  these  characteristics  with  time  of  day 
and  location  (2a); 

b)  describe  the  abiotic  characteristics  associated  with  water, 
including  temperature,  light  intensity  as  a  function  of  depth, 
currents,  structure  of  the  bottom,  nature  of  the  surface,  and 
chemical  properties  (2a); 

c)  list  the  major  plant  species  found  in  the  ecosystem  and  describe 
the  habitat  of  these  species  in  terms  of  the  abiotic  characteris¬ 
tics  of  that  habitat  (2a,  2c); 

d)  describe  the  variation  of  population  densities  with  location  in 
the  ecosystem  for  some  plant  species  (2a,  2c); 

e)  list  the  maj  or  animal  species  found  in  the  ecosystem  and 
describe  the  habitat  of  each  species  in  terms  of  the  abiotic  char¬ 
acteristics  of  that  habitat  (2a); 

f)  describe  the  variation  of  population  densities  with  location  in 
the  ecosystem  for  some  animal  species  (2a,  2c); 

g)  list  some  of  the  micro-organisms  found  in  the  ecosystem  and 
describe  the  habitat  of  each  species  (2d); 

h)  explain  the  significance  of  the  population  levels  of  Escherichia 
coli  bacteria  in  the  water  as  an  index  of  water  quality  (2  c); 

i)  describe  the  role  of  some  organisms  in  the  ecosystem,  for 
example,  producers,  consumers,  top  carnivores,  parasites, 
scavengers,  decomposers,  herbivores,  and  carnivores,  and  give 
examples  of  each; 

j)  describe  and  give  examples  of  the  interrelationships  that  occur 
among  the  organisms  in  the  ecosystem,  for  example,  competi¬ 
tion  and  symbiosis  (2e); 

k)  construct  some  possible  food  chains  and  food  webs  that  may 
occur  in  the  ecosystem  (2e); 


l)  describe  in  detail  one  organism  found  in  the  ecosystem,  includ¬ 
ing  how  it  is  adapted  to  a  particular  niche  in  the  ecosystem  (2f); 

m)  explain  how  humans  have  influenced  the  ecosystem  (2  a); 

n)  describe  the  process  of  eutrophication  in  a  natural  aquatic  eco¬ 
system  and  explain  how  human  activity  may  accelerate  this 
process. 

2.  Student  Activities 

Students  are  to: 

*a)  participate  in  a  field  study  of  an  aquatic  ecosystem,  such  as  a 
pond,  lake,  stream,  marsh,  or  swamp,  in  order  to: 

i)  measure  the  variations  in  the  air  temperature  and  water 
temperature  of  the  ecosystem  at  different  periods  of  the 
day  and  compare  the  variations  that  occur  in  each 
medium; 

ii)  compare  the  light  intensity  at  various  depths  of  water  in 
the  ecosystem,  using  instruments  such  as  a  Sechi  disc; 

iii)  test  water  samples  from  the  ecosystem  for  pH  and  also  for 
various  gases  and  chemicals,  such  as  oxygen,  carbon 
dioxide,  ammonia,  nitrates,  and  phosphates  (6, 8); 

*b)  use  guidebooks  or  keys  to  identify  the  organisms  found  in  the 
aquatic  ecosystem; 

*c)  estimate  the  populations  of  some  species  of  organisms ,  using 
different  techniques; 

d)  use  a  microscope  to  examine  water  samples  taken  from  differ¬ 
ent  regions  of  the  aquatic  ecosystem  and  identify  the  micro¬ 
organisms  present; 

e)  construct  food  chains  and  food  webs,  using  the  species  found 
in  the  ecosystem; 

f)  use  field-study  and  library-research  techniques  to  prepare  a 
detailed  report  on  one  species  found  in  the  ecosystem. 

3-  Applications 

a)  Aquatic  ecosystems  are  used  as  a  source  of  drinking  water  by  a 
large  proportion  of  the  human  population. 

b)  Aquatic  ecosystems  are  the  receptacles  of  the  effluent  of  most 
sewage-treatment  plants. 

c)  Current  research  indicates  that  marshes  may  act  as  a  natural 
treatment  site  for  human  sewage. 

d)  Large  aquatic  ecosystems  frequently  support  an  active  fishery 
industry. 

e)  Water  systems  are  integral  parts  of  all  ecosystems  and  necessary 
to  all  life. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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4.  Societal  Implications 

a)  Humans  have  drained  or  filled  some  aquatic  ecosystems  to  the 
detriment  of  wildlife  populations. 

b)  Dams  built  to  provide  water  control  or  hydro-electricity  affect 
the  behaviour  and  reproductive  cycles  of  some  fish. 

c)  Untreated  human  wastes  added  to  rivers  and  lakes  cause  serious 
damage  to  these  aquatic  ecosystems. 

d)  The  increasing  demand  for  water  in  North  America  is  becom¬ 
ing  an  international  issue. 

e)  Many  human  activities,  such  as  salting  roads  and  fertilizing  agri¬ 
cultural  lands,  result  in  pollution  and  damage  to  aquatic 
ecosystems. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  ability  to  collect  and  interpret  water-analysis  data; 

b)  ability  to  collect  and  interpret  population  estimates; 

c)  reports  on  the  interrelationships  of  the  organisms  and  the  food 
chains  or  webs  found  in  the  ecosystem; 

d)  written  or  oral  reports  on  a  selected  organism  in  the  aquatic 
environment. 

6-  Safety  Considerations 

a)  Students  should  be  warned  that  some  plants  found  in  the 
region  of  the  ecosystem  may  be  poisonous. 

b)  Students  should  be  reminded  that  biting  and  stinging  insects 
are  frequently  found  in  the  area  of  many  aquatic  ecosystems. 

c)  Students  should  wash  their  hands  after  handling  plant  or  ani¬ 
mal  material. 

d)  Students  should  be  reminded  that  the  water  in  most  aquatic 
ecosystems  is  not  suitable  for  drinking. 

e)  Students  should  wear  rubber  boots. 

f)  Appropriate  safety  procedures,  including  boat  safety,  if  neces¬ 
sary,  should  be  established  and  followed  for  field  trips. 

g)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  construct  a  cross-sectional  profile  of  a  stream,  or  a  depth  profile 
of  a  small  lake,  and  relate  the  various  levels  to  the  organisms 
found  in  the  ecosystem; 
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b)  construct  a  balanced  aquatic  ecosystem  in  a  laboratory  aquar¬ 
ium  and  describe  the  interrelationships  that  exist  in  this  mini¬ 
ecosystem; 

c)  measure  the  speed  or  volume  of  flow  of  a  stream  and  relate  the 
variations  to  the  organisms  found  in  the  ecosystem; 

d)  conduct  a  laboratory  experiment  to  determine  the  effects  of 
physical  factors,  such  as  heat,  light  intensity,  and  light  direc¬ 
tion,  on  aquarium  organisms; 

e)  investigate  the  meaning  and  significance  of  BOD  (biological 
oxygen  demand)  and  determine  this  value  in  an  aquatic 
ecosystem. 

8-  Some  Teaching  Suggestions 

a)  If  an  aquatic  ecosystem  is  not  available,  an  alternative  ecosys¬ 
tem  such  as  a  vacant  lot  or  woodlot  may  be  substituted.  If  this  is 
the  case,  the  components  of  this  unit  must  be  modified  to 
reflect  the  ecosystem  chosen. 

b)  It  should  be  emphasized  throughout  the  unit  that  the  purpose 
of  the  field  study  is  to  investigate  an  ecosystem  without  altering 
it. 

c)  The  teacher  should  visit  the  area  in  advance  to  determine  its 
potential  as  well  as  to  identify  possible  safety  hazards. 

d)  Field  studies  permit  students  to  co-operate  in  team  projects,  as 
well  as  to  work  independently  on  individualized  activities. 

e)  When  students  are  organized  into  groups,  group  leaders  should 
be  designated  to  be  responsible  for  assigning  the  various  tasks, 
such  as  equipment  maintenance  and  data  recording. 

f)  Unless  careful  preparations  are  made  in  advance,  large  living 
organisms  such  as  frogs  and  fish  should  not  be  taken  back  to 
the  laboratory.  It  is  illegal  to  keep  game  fish  in  captivity. 
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Core  Unit  3 


Environmental  Quality: 
Water 

Time:  18  hours 


This  unit  emphasizes  the  significance  of  water  to  the  natural  envi¬ 
ronment  and  thus  to  human  activity,  describes  some  practices  that 
contaminate  water,  and  outlines  some  methods  humans  may  adopt 
to  protect  the  quality  of  the  water  resource. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

The  distribution  of  water 
Physical  properties  of  water 
Evaluation  of  water  quality 
Water  uses 

Water  contamination 
Water  treatment  methods 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  importance  of  water  in  the  biosphere 
(3a,  3c,  4a); 

b)  a  concern  for  the  great  demands  that  humans  make  on  water 
resources  (3d); 

c)  a  respect  for  the  need  to  conserve  water  and  use  it  wisely  (4a); 

d)  a  questioning  attitude  towards  the  practice  of  using  lakes  and 
streams  as  receptacles  for  untreated  human  and  industrial 
wastes  (3f,4d). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  using  water  test  kits  to  determine  the  chemical  characteristics 
of' water  (2d,  2e); 

b)  constructing  solubility  curves  for  solids  that  dissolve  in  water 
(2a,  2b); 


c)  reporting  investigations  in  a  way  that  will  enable  others  to 
repeat  them  (2); 

d)  controlling  variables  in  an  investigation  to  determine  the  solu¬ 
bility  of  substances  in  water  (2a,  2b). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  the  distribution  of  water  in  the  biosphere  and  con¬ 
struct  a  diagram  to  show  the  global  water  cycle; 

b)  state  the  boiling  point  and  freezing  point  of  pure  water  and 
explain  the  significance  of  the  temperature  range  of  pure  liquid 
water  (0 0  C- 100 0  C)  for  life  on  earth; 

c)  explain  how  the  freezing  point  of  water  influences  the  availabil¬ 
ity  of  water  to  organisms  in  winter,  the  sealing  of  lakes  by  ice 
cover  in  winter,  and  the  humidity  in  winter; 

d)  state  the  density  of  water  at  4 0  C  and  describe  the  unique  varia¬ 
tion  of  the  density  of  water  between  0 0  C  and  4 0  C; 

e)  describe  how  the  unique  variation  of  the  density  of  water  with 
temperature  influences  lake  overturn  and  ice  formation  on  the 
surface  of  water,  which  permits  the  survival  of  aquatic  species; 

1)  state  the  different  solubility  characteristics  of  gas  solutes  and 
solid  solutes; 

g)  describe  the  relationship  between  the  temperature  and  solubil¬ 
ity  of  oxygen  and  carbon  dioxide  in  water  and  describe  how 
this  influences  aquatic  organisms  (2b); 

h)  calculate  the  volume  of  flow  for  streams  and  explain  the  signifi¬ 
cance  of  volume  of  flow  for  the  construction  of  dams  used  to 
generate  hydro-electricity  or  to  control  water  supply; 

i)  write  the  chemical  equations  for  the  formation  of  acids  and 
bases  by  the  reaction  of  water  with  the  appropriate  oxides  (2c); 

j)  identify  the  factors  that  influence  water  quality.  Examples  can 
include  suspended  particles,  pH,  soluble  salts,  oxygen  concen¬ 
tration,  carbon  dioxide  concentration,  ammonia  concentra¬ 
tion,  and  the  presence  of  micro-organisms  (2d,  2e,  8d); 

k)  describe  the  significance  of  Escherichia  coli  as  an  indicator  of 
sewage  contamination  of  water  (2e); 

l)  state  the  various  uses  of  water  in  the  natural  environment ,  the 
rural  environment,  and  the  urban  environment; 

m)  describe  various  types  of  water  contamination,  such  as  sewage, 
surface  run-off  of  fertilizers,  acid  deposition  from  industry  and 
cars,  mercury  from  pulp-and-paper  mills,  heat  from  generating 
stations,  and  oil  spills  in  oceans; 

n)  describe  the  natural  process  of  eutrophication  and  explain  how 
water  contamination  may  accelerate  this  process  (8c); 

o)  describe  the  treatment  of  drinking  water  as  conducted  in  an 
urban  water-treatment  plant  and  a  small  household  treatment 
system  (2e); 

p)  describe  the  treatment  of  sewage  in  an  urban  sewage-treatment 
plant  and  in  septic  tanks. 
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2.  Student  Activities 

Students  are  to: 

a)  conduct  an  experiment  to  determine  the  solubility  of  a  solid  at 
different  temperatures  and  construct  a  solubility  graph  to  com¬ 
pare  the  temperature  of  the  water  and  the  mass  of  the  solute  dis¬ 
solved  (6c,  8b); 

b)  conduct  an  experiment  to  determine  the  effect  of  temperature 
on  the  solubility  of  a  gas  in  water; 

c)  investigate  the  effect  on  pH  of  dissolving  the  oxides  of  a  non- 
metal  (carbon)  and  a  metal  (magnesium)  in  water; 

*d)  conduct  a  number  of  tests  to  measure  some  of  the  factors  that 
influence  water  quality.  Examples  can  include  suspended  parti¬ 
cles,  pH,  hardness,  nitrates,  nitrites,  ammonia,  oxygen,  and  car¬ 
bon  dioxide  (8d); 

e)  estimate  the  coliform  count  in  a  sample  of  water,  using  such 
means  as  direct  culture  on  agar  plates,  membrane  filtration 
techniques,  or  commercial  test  kits  (6a,  6b); 

*f)  determine  the  effect  of  organic  matter  on  water  quality; 

*g)  determine  the  effects  of  nutrient  elements  like  nitrogen  and 
phosphorus  on  water  quality. 

3-  Applications 

a)  Clean,  fresh  water  is  essential  for  human  consumption . 

b)  Drinking  water  for  urban  communities  must  be  processed  by 
water-treatment  plants. 

c)  Fresh  water  may  be  used  to  irrigate  agricultural  crops . 

d)  Large  volumes  of  water  are  used  by  some  industries . 

e)  The  bulk  kinetic  energy  of  the  water  in  some  streams  has  been 
used  for  the  production  of  electricity. 

f)  Sewage  water  must  be  cleaned  by  sewage-treatment  plants 
before  it  is  returned  to  water  bodies. 

4.  Societal  Implications 

a)  Clean,  fresh  water  is  necessary  for  the  maintenance  of  high 
standards  of  health. 

b)  A  good  supply  of  fresh  water  is  essential  to  the  maintenance  of 
our  present  standard  of  living. 

c)  Many  people  use  lakes  and  streams  for  recreation . 

,  d)  Many  human  activities  damage  or  pollute  water  bodies . 

e)  Acid  deposition  from  industry,  automobiles,  and  other  human 
activities  is  destroying  many  lakes  in  Ontario. 

f)  The  export  of  water  to  the  U  nited  States  by  provinces  has  been 
debated  by  public  groups. 


5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  ability  to  measure  some  of  the  factors  that  influence  water 
quality; 

b)  laboratory  reports. 

6-  Safety  Considerations 

a)  If  bacteria  are  cultured,  appropriate  safety  procedures  should 
be  followed. 

b)  Cultures  of  bacteria  should  be  destroyed  in  an  autoclave  (pres¬ 
sure  cooker)  or  with  a  strong  base  before  disposal. 

c)  Students  should  wash  their  hands  immediately  after  working 
with  water  samples. 

d)  Students  should  not  experiment  with  water  that  is  contami¬ 
nated  with  human  wastes  unless  appropriate  safety  precautions 
are  observed. 

e)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  measure  the  volume  of  flow  of  a  local  stream  and  estimate  the 
kinetic  energy  available  in  the  moving  water; 

b)  visit  a  sewage-treatment  plant  or  a  water-treatment  plant; 

c)  visit  a  hydro-electric  generating  station . 

8-  Some  Teaching  Suggestions 

a)  This  unit  can  be  integrated  with  core  unit  2,  “An  Aquatic  Eco¬ 
system  Study”,  and  the  physical  properties  of  water  can  be 
studied  in  the  context  of  their  effects  on  living  organisms. 

b)  Graphs  should  be  used  whenever  they  are  appropriate  to 
record  and  interpret  data. 

c)  Some  topics,  such  as  eutrophication,  lake  overturn,  and  the 
water  cycle,  lend  themselves  to  student  assignments  for  which 
the  library  is  used  as  a  resource.  Co-operative  planning  should 
take  place  between  the  science  department  and  the  school 
librarian  to  ensure  that  appropriate  resources  are  available. 

d)  Test  kits  are  available  from  scientific  supply  companies  for  test¬ 
ing  the  various  factors  that  affect  water  quality. 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 


43 


Core  Umt  4:  Environmental  Quality:  Air 


Core  Unit  4 


Environmental  Quality:  Air 

Time:  12  hours 


This  unit  will  give  students  an  understanding  of  the  nature  of  air 
pollution  and  an  opportunity  to  consider  their  role  in  the  abate¬ 
ment  of  air  pollution  and  the  future  maintenance  of  air  quality. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Characteristics  of  the  atmosphere 
Atmospheric  contaminants 
Nutrient  cycles 
Particulate  matter 

Air  monitoring  and  pollution  control 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  importance  of  the  quality  of  the  air  we 
breathe  (3a,  3d-3f,  4b-4e); 

b)  a  concern  about  the  long-term  effects  of  environmental  degra¬ 
dation  (4a); 

c)  a  conviction  that  the  efforts  and  lifestyle  of  one  individual  can 
make  a  difference  to  the  overall  quality  of  the  environment  (3e) 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  measuring  the  per  cent  by  volume  of  gases  in  a  sample  of  class¬ 
room  air  (2a); 

b)  reading  and  interpreting  an  absorption  spectrum  of  a  gas  (2b); 

c)  using  a  microscope  to  examine  particulate  fall-out  in  air  (2 c). 


Knowledge.  Students  will  be  expected  to: 

a)  list  natural  forms  of  pollution  in  the  environment; 

b)  list  ways  in  which  people  have  disturbed  the  natural  quality  of 
the  air  (2b,  2c); 

c)  summarize  the  economic  impact  of  air  pollution  and  the  cost  of 
control  measures; 

d)  list  the  major  layers  of  the  atmosphere,  giving  the  characteris¬ 
tics  of  each  layer; 

e)  compare  the  per  cent  by  volume  of  the  gaseous  components 
making  up  unpolluted  dry  air  (2a); 

f)  state  the  cause  and  effects  of  a  temperature  inversion; 

g)  describe  several  matter  cycles  involving  air  and  show  how 
human  activities  have  disrupted  these  cycles  (2b); 

h)  describe  the  role  of  the  automobile  in  the  formation  of  photo¬ 
chemical  smog; 

i)  explain  the  meaning  of  the  terms  aerosol,  dust,  and  mist; 

j)  describe  the  meaning  of  threshold  limit  value  (TLV)  and  state  the 
TLV  for  various  pollutants; 

k)  explain  how  the  human  breathing  system  copes  with  low-level 
pollution; 

l)  explain  the  chemical  reactions  involved  in  the  formation  of 
ozone  gas  in  the  upper  stratosphere  and  describe  factors  that 
affect  the  ozone  layer; 

m)  describe  the  effects  on  humans,  plants,  and  various  materials  of 
long-term  exposure  to  air  pollution; 

n)  explain  the  techniques  available  for  measuring  various  pollu¬ 
tants  in  the  air  and  explain  how  the  air-pollution  index  is  calcu¬ 
lated  (2c); 

o)  describe  the  methods  available  to  industry  for  removing  con¬ 
taminants  before  they  enter  the  atmosphere. 

2-  Student  Activities 

Students  are  to: 

*a)  perform  experiments  to  measure  the  per  cent  by  volume  of 
oxygen  and  carbon  dioxide  in  a  sample  of  classroom  air  (6a); 

*b)  interpret  an  absorption  spectrum  for  carbon  dioxide  and  pre¬ 
dict  the  effects  of  an  accumulation  of  carbon  dioxide  in  the 
stratosphere  (the  greenhouse  effect); 

c)  measure  particulate  concentration  in  a  variety  of  areas  by  draw¬ 
ing  an  air  sample  through  filter  paper  and  determining  the  mass 
of  the  trapped  particles  (8b,  8c); 

*d)  observe  particulate  fall-out  under  the  microscope  and  identify 
some  of  its  components; 

e)  examine  different  air  purifiers  and  compare  the  effectiveness  of 
their  filtering  devices; 

f)  measure  levels  of  gaseous  pollutants,  such  as  carbon  monox¬ 
ide,  nitrogen  dioxide,  and  sulphur  dioxide,  in  air. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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3-  Applications 

a)  Underground  parking  areas  often  have  electronic  carbon  mon¬ 
oxide  monitors,  which  activate  exhaust  fans  automatically. 

b)  The  life  of  synthetic  fibres  is  often  shortened  by  exposure  to  air 
pollution. 

c)  Office  buildings  must  have  adequate  ventilation  and  filtration 
to  ensure  the  good  health  of  their  tenants. 

d)  The  government  monitors  air  quality  and  publishes  a  daily  air- 
pollution  index  for  some  large  industrialized  cities. 

4-  Societal  Implications 

a)  The  burning  of  carbon-based  fuels  may  lead  to  an  increase  in 
atmospheric  carbon  dioxide  levels  to  the  point  where  the  cli¬ 
mate  could  change.  This  would  have  a  major  impact  on  crop 
production. 

b)  Chronic  exposure  to  air  pollution  is  detrimental  to  human 
health,  plants,  and  many  materials. 

c)  Governments  establish  regulations  to  protect  plants,  animals, 
people,  and  property  from  excessive  air  pollution. 

d)  The  installation  of  pollution-control  equipment  on  smelters 
and  coal-generating  stations  is  expensive.  Everyone  must 
accept  some  of  the  responsibility  for  these  costs. 

e)  The  overinsulation  of  homes  may  cause  health  problems  by 
reducing  the  amount  of  fresh  air  that  enters  the  home. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  laboratory  reports  describing  the  determination  of  the  percent¬ 
age  by  volume  of  gases  in  air; 

b)  ability  to  read  and  interpret  the  absorption  spectrum  of  a  gas. 

6-  Safety  Considerations 

a)  Appropriate  laboratory  procedures  should  be  followed  for  the 
activities  that  are  selected. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 
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7.  Possible  Extensions 

Some  students  might: 

a)  demonstrate  a  temperature  inversion; 

b)  measure  carbon  monoxide,  sulphur  dioxide,  or  nitrogen  diox¬ 
ide  levels  in  various  air  samples; 

c)  obtain  and  analyse  data  from  an  air-pollution  index  and  deter¬ 
mine  the  factors  that  affect  its  level,  such  as  weather  and  day  of 
the  week; 

d)  conduct  a  library-research  project  on  the  history  and  success  of 
pollution-control  equipment  in  automobiles. 

8-  Some  Teaching  Suggestions 

a)  Pollutants  that  are  significant  locally  should  be  discussed. 

b)  A  representative  from  the  regional  lung  association  can  be 
invited  to  demonstrate  the  carbon  monoxide  level  in  the  lungs 
(and  bloodstream)  of  non-smokers  and  smokers. 

c)  A  field  trip  to  the  Ministry  of  the  Environment  laboratories  can 
be  arranged. 

d)  Guest  speakers  can  be  invited  to  discuss  the  air-pollution  issue. 

e)  A  class  debate  on  smoking  in  public  places  versus  individual 
rights  can  be  arranged.  The  issue  of  second-hand  smoke  can 
also  be  discussed. 

f)  In  this  unit  it  should  be  emphasized  that  the  individual  can 
make  a  change  in  local  air  quality  by  adopting  a  personal  life¬ 
style  consistent  with  preserving  the  environment  and  by  par¬ 
ticipating  as  a  responsible  citizen  in  the  environmental  issues 
that  must  be  brought  to  the  attention  of  society. 
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Optional  Unit  1 


Applied  Genetics 

Time:  16  hours 


This  unit  considers  plant-  and  animal-breeding  principles  that  pro¬ 
duce  desired  breeds  or  varieties  of  livestock,  forests,  agricultural 
crops,  and  game  animals. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Transmission  genetics 
Animal  breeding 
Plant  breeding 

The  selection  of  desirable  traits 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  for  the  patience  required  to  bring  about  plant 
and  animal  improvement  by  the  application  of  the  principles  of 
genetics; 

b)  a  questioning  attitude  towards  the  results  of  genetic  research 
that  is  carried  out  in  an  effort  to  “improve”  plants  and  animals 
(4c,  4d). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  identifying  desirable  traits  in  selected  organisms  (2d,  2f); 

b)  predicting  genotypes  and  phenotypes  for  selected  organisms 
(2b); 

c)  calculating  the  probability  of  inheriting  certain  traits  (2b,  2d); 

d)  interpreting  data  related  to  the  inheritance  of  selected  traits 
(2c,  2h). 


Knowledge.  Students  will  be  expected  to: 

a)  distinguish  between  the  roles  of  heredity  and  the  environment 
in  influencing  the  characteristics  of  an  organism  (2b-2d); 

b)  identify  genotypes  and  phenotypes  for  selected  morphological 
traits  (2b,  2c); 

c)  explain  how  genes  may  be  transferred  or  inherited,  including 
the  role  of  meiosis  in  this  process  (2a); 

d)  define  and  correctly  use  the  following  terms:  chromosome, 
recessiveness,  dominance,  progeny,  probability,  gene,  sire, 
dam  (2  c); 

e)  explain  the  importance  of  genetic  dominance,  gene  pool, 
hybrids,  pedigree,  and  mutation  to  a  breeding  program 
(2b-2d,2h); 

f)  describe  natural  and  artificial  breeding  methods  in  selected  ani¬ 
mals,  including  natural  and  artificial  insemination  and  manage¬ 
ment  methods; 

g)  explain  the  meaning  of  the  terms  pollination  and  in-line 
breeding; 

h)  describe  the  meaning  of  the  term  sex  as  it  applies  to  plants ; 

i)  list  methods  used  to  select  and  propagate  desirable  plant 
species; 

j)  identify  inherited  characteristics  in  selected  organisms  (2b,  2c); 

k)  describe  new  genetic  or  breeding  techniques,  such  as  ova 
transplants,  recombinant  DNA,  and  cloning; 

l)  list  one  or  two  examples  of  improvement  in  the  quality  of  food 
that  have  been  achieved  through  applied  genetics  in  plant  and 
animal  husbandry. 

2.  Student  Activities 

Students  are  to: 

a)  observe  prepared  slides  of  selected  organisms  to  examine 
changes  in  the  chromosomes  during  mitosis  and  meiosis  (8a, 
8d); 

*b)  analyse  the  data  from  test  crosses  of  selected  organisms,  such  as 
garden  peas,  corn,  or  guinea  pigs;  identify  recessive  and  domi¬ 
nant  genes;  and  calculate  the  probability  of  the  organisms’ 
inheriting  different  traits; 

c)  observe  records  for  domestic  animals,  such  as  dairy  cattle, 
dogs,  cats,  horses,  swine,  or  poultry,  and  prepare  tables  for  a 
breeding  program,  including  items  such  as  gestation  period, 
heat  period,  breeding  frequency,  and  lactation  period; 

d)  observe  mutations  in  plants  grown  from  irradiated  seed; 

e)  observe  chromosome  doubling  in  pollen  cells  and  ova  cells 
from  cereal  plants  that  have  been  treated  with  the  chemical 
colchicine; 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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f)  graph  data  to  show  variations  in  traits  in  a  number  of  species 
(e.g.,  coleoptile  length  in  oat  seedlings,  mass  and  height  of 
students); 

*g)  observe  a  pedigree  and  describe  how  the  selection  of  the  par¬ 
ents  has  improved  characteristics  such  as  butterfat  content  of 
milk,  meat  production,  daily  rate  of  gain,  body  contour  in  ani¬ 
mals,  and  coleoptile  length  in  oat  seedlings  (8b); 

h)  compare  tall  and  dwarf  pea  seedlings  under  treatment  with  gib- 
berellic  acid  (8c). 

3.  Applications 

a)  Pedigrees  are  useful  when  the  purchase  of  an  animal  is  being 
considered. 

b)  Genetic  principles  are  used  to  breed  plants  and  animals  selec¬ 
tively  for  agricultural,  sporting,  or  domestic  purposes. 

c)  Dairy  cattle  that  produce  large  volumes  of  milk  are  the  result  of 
successful  breeding  programs. 

d)  Yields  of  wheat,  oats,  barley,  and  corn  have  been  improved  by 
the  use  of  seeds  from  the  most  productive  plants. 

e)  Horses,  dogs,  and  cats  are  bred  for  a  variety  of  traits,  such  as 
size,  disposition,  speed,  coat,  and  shape. 

f)  Varieties  of  wheat  have  been  bred  to  improve  food  production 
in  underdeveloped  countries. 

4-  Societal  Implications 

a)  Plant  geneticists  have  been  able  to  increase  the  supply  of  food 
for  the  human  population  by  selective  breeding. 

b)  Many  new  crop  varieties  have  little  resistance  to  some  pests. 
Consequently,  pesticides  often  have  to  be  used  for  these  plants. 

c)  Many  of  our  domestic  animals  are  selectively  bred  and  have  lost 
the  ability  to  survive  in  the  wild.  Domestication  and  selective 
breeding  have  made  them  dependent  on  humans  for 
assistance. 

d)  New  varieties  of  fruit  and  vegetables  have  been  developed  for 
large-scale  mechanical  harvesting.  Sometimes  some  of  the 
desirable  characteristics,  such  as  taste,  may  be  sacrificed  during 
this  process. 

e)  With  the  use  of  new  grain  varieties,  older  varieties  may  become 
extinct  or  in  short  supply  in  the  gene  pool. 

f)  The  rate  of  gain  of  mass  in  beef  cattle  varies  from  one  breed  to 
another. 


5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  laboratory  exercises  and  reports; 

b)  projects,  assignments,  and  notes. 

6-  Safety  Considerations 

a)  Plant  and  animal  materials  should  be  selected  from  among 
those  that  are  unlikely  to  cause  allergic  reactions. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  grow  seeds  of  garden  flowers,  such  as  petunias,  coleus,  snap¬ 
dragons,  and  pansies,  and  predict  the  seedling  characteristics; 

b)  compare  flour  made  from  a  variety  of  grains  (e.g. ,  spring  wheat, 
winter  wheat,  triticales,  and  rye)  and  their  textures  when 
mixed  with  water; 

c)  grow  plants,  such  as  oats,  under  a  variety  of  environmental 
conditions  to  observe  their  reactions  to  light,  temperature, 
water,  and  fertilizer; 

d)  study  the  pedigrees  of  dogs,  cats,  cattle,  swine,  poultry,  or 
horses  to  investigate  changes  that  have  taken  place. 

8.  Some  Teaching  Suggestions 

a)  Concepts  relating  to  mitosis  and  meiosis  should  be  reviewed. 

b)  Pedigrees  are  useful  for  studying  the  genetics  involved  in  the 
mating  system. 

c)  Gibberellic  acid  should  be  placed  on  pea  seedlings  about  three 
weeks  after  germination. 

d)  Listings  of  cattle  from  breeding  associations  and  of  plants  in 
seed-order  catalogues  provide  a  great  deal  of  useful 
information. 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Optional  Unit  2 


Environmental  Health 
Hazards 

Time:  16  hours 


People  are  increasingly  exposed  to  chemicals,  radiation,  and  noise, 
both  in  the  workplace  and  at  home.  Often  they  are  unaware  of  such 
environmental  hazards  in  their  daily  lives  and  of  the  health  risks 
involved.  This  unit  provides  students  with  an  introduction  to  the 
range  of  environmental  hazards  that  they  may  face  in  their  life¬ 
times,  the  possible  response  of  their  bodies  to  these  hazards,  and 
modern  strategies  for  preventing  illness  and  disease  related  to 
these  hazards. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Chemical  pollutants 

Radiation 

Sound  pollutants 

Hazards  in  the  home 

Control  and  prevention  strategies 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  that  environmental  hazards  may  influence  the 
quality  of  their  lives  (3,4); 

b)  a  commitment  to  read  and  heed  warning  labels  indicating  haz¬ 
ardous  chemicals  (2  f); 

c)  a  respect  for  the  limits  within  which  their  bodies  can  tolerate 
environmental  hazards  (4a); 

d)  a  commitment  to  share  some  of  the  responsibility  for  minimiz¬ 
ing  health  risks  on  the  job  (4a). 


Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  identifying  potentially  dangerous  situations  when  hazardous 
chemicals  are  being  handled  (2a); 

b)  measuring  the  intensity  of  noise ,  using  a  sound-level  meter  (2  e) ; 

c)  using  the  resources  of  the  library  resource  centre  to  gather 
information  on  one  specific  environmental  hazard  (2f). 

Knowledge.  Students  will  be  expected  to: 

a)  explain  the  meaning  of  the  terms  threshold  limit  value  (TLV)  and 
carcinogenic  and  state  the  TLV  for  various  chemicals  (2f); 

b)  match  the  most  hazardous  chemicals  with  the  occupations  in 
which  they  are  frequently  encountered; 

c)  describe  the  human  breathing  system  and  its  defence  mecha¬ 
nisms  against  airborne  contaminants; 

d)  describe  the  nature  of  lung  cancer  and  suggest  its  possible 
causes; 

e)  state  the  characteristics  of  alpha,  beta,  and  gamma  radiation 

(2c); 

f)  explain  the  meaning  of  the  terms  ionization ,  mutation,  half¬ 
thickness,  and  dose-response  relationship  as  they  relate  to  radia¬ 
tion  (2c); 

g)  list  sources  of  radiation  to  which  we  are  exposed  over  a  lifetime 
and  rank  these  sources  in  terms  of  level  of  exposure  for  an  aver¬ 
age  person  for  a  year  (2c); 

h)  describe  the  anatomy  and  function  of  the  human  ear  and  indi¬ 
cate  where  it  is  susceptible  to  damage  (2e); 

i)  match  various  human  activities  to  their  known  decibel 
levels  (2e); 

j)  state  the  known  physiological  problems  that  often  accompany 
various  environmental  hazards  and  rank  these  for  severity  of 
impact  on  the  quality  of  life  of  the  individual  (2g); 

k)  list  environmental  hazards  that  exist  in  the  home  (2f); 

l)  summarize  methods  used  to  control  various  hazardous  mate¬ 
rials,  including  legislation,  and  outline  possible  future  strategies 
for  providing  a  safe  working  environment  (2a,  2g). 

2.  Student  Activities 

Students  are  to: 

*a)  analyse  various  diagrams  or  photographs  showing  the  handling 
of  hazardous  chemicals  and  identify  one  or  more  safety  tech¬ 
niques  that  are  or  should  be  depicted; 

b)  demonstrate  a  technique  for  isolating  an  unwanted  substance 
by  precipitation,  such  as  the  reaction  of  barium  chloride  with 
sodium  sulphate  (6a); 

c)  set  up  a  cloud  chamber  to  observe  alpha,  beta,  and  gamma 
radiation  and  record  the  differences  according  to  width  and 
length  of  track; 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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d)  use  a  nuclear  rate  meter  to  measure  the  half-thickness  of  a 
radioactive  source,  using  sheets  of  aluminum  foil  or  thin  metal 
plates  (6b,  8d,  8f); 

*e)  use  an  audio  generator  to  produce  a  full  range  of  sound  fre¬ 
quencies  to  determine  the  hearing  range  of  the  human  ear  and 
use  a  sound-level  meter  to  measure  and  record  noise  levels  of 
various  human  activities  inside  and  outside  the  school; 

*f)  compile  a  list  of  chemicals  used  at  home  that  might  pose  a 
health  risk;  examine  the  labels  and  record  the  generic  name, 
concentration,  and  recommended  dose  of  each;  investigate  the 
TLV  of  and  physiological  response  to  these  chemicals;  and  con¬ 
sider  how  the  chemicals  are  used,  stored,  and  disposed  of  (8b); 

g)  examine  a  particular  location,  such  as  an  office  or  workplace, 
over  a  period  of  one  week,  list  the  environmental  hazards  that 
are  present,  and  outline  ways  in  which  these  hazards  could  be 
minimized  or  eliminated  (8e). 

3-  Applications 

a)  Toxic  chemicals  such  as  benzene  and  carbon  tetrachloride  now 
have  very  limited  use. 

b)  Lead  aprons  are  provided  to  people  having  X  rays  so  that  their 
internal  organs  are  shielded  from  scattered  radiation. 

c)  Radium  is  removed  from  waste  water  at  Elliot  Lake  by  precipita¬ 
tion  methods. 

4.  Societal  Implications 

a)  Employers  must  provide  adequate  protection  for  workers 
exposed  to  contaminants.  Many  claims  are  being  made  by 
employees  who  have  suffered  a  job-related  disease,  because 
these  forms  of  protection  were  not  provided  in  the  past. 

b)  The  testing  of  nuclear  weapons  has  released  strontium  90, 
among  other  radioisotopes,  into  the  atmosphere.  These  iso¬ 
topes  are  now  incorporated  in  food  chains  worldwide. 

c)  Radioactive  tailings  used  as  landfill  may  be  responsible  for  the 
abnormally  high  levels  of  radon  gas  in  homes  and  schools  that 
were  built  on  these  sites. 

d)  The  disposal  of  toxic  wastes  has  been  poorly  regulated  in  the 
past.  Innocent  people  have  experienced  illness,  disease,  and 
possible  genetic  damage  from  poisons  seeping  into  the  soil  and 
ground  water  where  they  live. 
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5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  laboratory  notes; 

b)  written  assignments  describing  safe  techniques  for  handling 
hazardous  chemicals; 

c)  ability  to  use  a  sound  meter  to  measure  sound  intensity. 

6-  Safety  Considerations 

a)  The  use  of  toxic  chemicals,  even  in  demonstrations,  should  be 
avoided. 

b)  Regulations  for  the  use  and  storage  of  radioactive  materials 
must  be  followed. 

c)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  prepare  a  case  study  to  share  with  the  class  on  a  current  event 
involving  hazardous  substances  (e.g.,  the  Love  Canal  pollution 
or  the  problems  connected  with  urea-formaldehyde  foam 
insulation); 

b)  germinate  and  plant  seeds  that  have  previously  been  irradiated 
with  various  doses  of  cobalt  60  to  analyse  the  mutagenic  effect 
of  ionizing  radiation; 

c)  prepare  a  report  on  the  beneficial  uses  of  radioisotopes  in 
society; 

d)  examine  noise  barriers  on  highways  and  use  a  sound-level 
meter  to  determine  which  type  is  the  most  effective; 

e)  dissect  an  old  car  muffler  or  an  ear  protector  to  determine  its 
method  of  reducing  noise. 


’See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Optional  Unit  3:  Soils.-  An  Essential  Resource 


8.  Some  Teaching  Suggestions 


Soils:  An  Essential  Resource 


a)  It  is  helpful  to  begin  the  unit  with  two  or  three  case  studies  that 
provide  a  historical  perspective.  Students  could  examine,  for 
instance,  a  case  involving  the  coal  miners’  disease  “black  lung”, 
in  which  the  miners  are  ambivalent  about  their  condition. 
While  they  know  the  coal  dust  is  killing  them,  they  desperately 
need  their  jobs.  Other  case  studies  that  can  be  used  involve 
“farmer’s  lung”  and  asbestosis. 

b)  An  environmental  hazard  that  is  often  overlooked  is  exposure 
to  viruses,  bacteria,  and  moulds  that  breed  in  humidifiers,  air 
conditioners,  and  refrigerator  drip  pans. 

c)  The  implications  of  the  sponsoring  of  athletic  events  by 
tobacco  companies  can  be  discussed. 

d)  According  to  the  Nuclear  Control  Board  guidelines,  the  average 
Canadian  can  safely  receive  up  to  500  mrem/a.  The  limit  for  an 
employee  of  a  nuclear  power  plant  is  5000  mrem/a.  Students 
can  discuss  why  this  double  standard  exists. 

e)  Various  locations  in  the  school  (e.g.,  classrooms,  gym,  cafete¬ 
ria)  can  be  examined  for  environmental  hazards. 


Time:  16  hours 


The  successful  management  of  our  soil  resources  is  necessary  for 
the  long-term  production  of  food  and  fibre.  In  this  unit  students 
first  explore  the  capabilities  of  soils  for  crop  production  and  then 
investigate  the  methods  of  maintaining  soil  fertility,  limiting  ero¬ 
sion,  and  preventing  soil  contamination.  The  recognition  of  the 
value  of  this  essential  resource  can  contribute  to  wise  decision 
making  as  to  land  use  in  the  future. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Land-use  capabilities 
Soil  profiles 

The  maintenance  of  soil  fertility 
The  maintenance  of  soil  structure 
Chemical  pollutants 


1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  that  soils  are  a  basic  component  of  our  food- 
and  fibre-producing  ecosystems  (4b); 

b)  an  appreciation  that  an  increased  knowledge  of  soils  should 
lead  to  better  decision  making  in  regard  to  land  use; 

c)  a  critical-mindedness  towards  many  land-use  decisions  that 
affect  the  quality  and  quantity  of  soil  resources  (3c,  3e,  4c); 

d)  a  respect  for  the  fact  that  the  maintenance  of  soil  fertility  and 
structure  requires  considerable  knowledge  and  planning  if  it  is 
to  be  accomplished  efficiently  and  economically  (3c,  3d,  4d). 
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Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  analysing  soil  samples  to  determine  physical  properties  such  as 
texture  and  structure  (2a,  2b); 

b)  examining  various  soil  structures  under  a  microscope  (2  b); 

c)  scoring  and  classifying  land  areas  for  capability  purposes  (2a); 

d)  measuring  the  mineral  nutrient  levels  in  soils  (2e); 

e)  investigating  the  retention  of  nutrient  cations  by  various  soils 
(2d). 

Knowledge.  Students  will  be  expected  to: 

a)  state  the  factors  commonly  used  for  determining  land- 
capability  classifications  and  explain  the  nature  of  and  varia¬ 
tions  in  each  (2a); 

b)  explain  the  general  nature  and  potential  uses  of  land  according 
to  the  seven  land-use  capability  classifications  for  agriculture 
(2a); 

c)  explain  the  major  effects  of  the  amount  of  rainfall,  slope,  type 
of  vegetation,  temperature,  nature  of  the  soil  parent  material, 
and  time  on  soil-profile  development; 

d)  differentiate  among  the  types  of  soil  colloids  and  the  ions 
stored  on  exchange  sites  of  these  colloids  (2d); 

e)  explain  the  exchange  of  cations  between  soil  colloids,  soil 
water,  and  plant  root  hairs  (2d); 

f)  state  the  usual  ranges  of  nitrogen,  phosphorus,  potassium,  and 
soil  pH  in  the  soils  of  Ontario  (2f); 

g)  describe  the  composition  of  various  fertilizers  in  terms  of  avail¬ 
able  nutrients,  non-nutritive  portions,  and  fillers; 

h)  determine  suitable  fertilizer  analyses  and  rates  of  application 
for  specific  purposes  (2i); 

i)  explain  the  significance  of  good  soil  structure  for  plant  devel¬ 
opment,  the  maintenance  of  good  tilth,  and  the  percolation  of 
water  (2b); 

j)  explain  the  use  of  fertilizers,  compost,  manures,  legume  rota¬ 
tions,  cover  crops,  minimum  tillage,  and  sludge  applications  to 
maintain  or  improve  soil  fertility  and  structure  (2i); 

k)  identify  the  maj or  types  of  pollutants  originating  in  agricultural 
lands  (nitrates  and  phosphates)  and  explain  the  resulting  prob¬ 
lems  in  run-off  and  ground  waters; 

l)  identify  the  major  leachates  from  such  locations  as  landfill  sites, 
industrial  areas,  and  roadsides  that  can  be  a  problem  to  society; 

m)  describe  and  explain  the  proper  techniques  for  soil-sample  col¬ 
lection  (2f); 

»  n)  describe  the  biodegradability  of  some  pesticides  commonly 
used  on  lands  managed  for  agriculture  and  forestry; 

o)  identify  and  explain  several  commonly  used  methods  of  soil 
conservation. 


2.  Student  Activities 

Students  are  to: 

*a)  classify  at  least  one  land  site  for  agricultural  purposes,  using  the 
standard  capability  classification  system  (6a,  8b); 

*b)  analyse  soil  samples  to  determine  physical  properties  such  as 
structure  and  texture; 

c)  compare  the  solubilities  of  various  fertilizers  (6b); 

*d)  investigate  the  retention  of  iron  ions  from  iron(III)  sulphate 
solution  or  gentian  violet  ions  when  solutions  of  the  same  con¬ 
centration  are  passed  through  various  media,  including  one 
coarse  and  one  fine-textured  soil; 

*e)  test  a  soil  for  nitrogen,  phosphorus,  potassium,  and  lime  levels, 
using  a  soil  test  kit; 

f)  collect  a  representative  soil  sample  and  send  it  to  a  soils  labora¬ 
tory  for  analysis; 

g)  demonstrate  the  effects  of  too  little  or  too  much  fertilizer  on 
potted  plants  (6b); 

h)  investigate  the  effect  on  soil  pH  of  the  addition  of  acid  salts  or 
lime; 

i)  determine  the  application  rates  for  various  fertilizers  to  satisfy 
certain  crop  requirements. 

3-  Applications 

a)  Suitable  crops  can  be  designated  for  land  that  cannot  be  tilled 
because  of  factors  such  as  topography  or  stoniness. 

b)  A  knowledge  of  the  harmful  effects  of  soil  compaction  (loss  of 
soil  structure)  on  plant  growth  can  influence  farmers  to  pur¬ 
chase  lighter  and  more  appropriate  farm  machinery. 

c)  The  proper  monitoring  of  soil  nutrient  levels  and  appropriate 
fertilizing  can  limit  pollution  from  run-off  and  leaching  to  our 
watercourses. 

d)  A  knowledge  of  fertilizer  compositions  and  the  nutrient-level 
requirements  of  plants  is  necessary  for  the  scheduling  of  appro¬ 
priate  fertilizers  and  the  determination  of  rates  of  application. 

e)  A  knowledge  of  the  texture,  structure,  and  drainage  of  various 
soils  is  important  in  the  selection  of  suitable  landfill  and  waste- 
disposal  sites. 

f)  The  effect  of  acid  rain  on  nutrient  availability  in  many  soils  may 
be  considerable,  necessitating  liming  practices. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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4.  Societal  Implications 

a)  The  loss  of  arable  lands  is  a  problem  throughout  the  world . 

b)  Soils  must  be  conserved  and  well  managed  to  ensure  world 
food  and  fibre  production. 

c)  Improper  uses  of  land  can  result  in  pollution  problems  that 
affect  future  land  use  or  the  quality  of  ground  water. 

d)  The  economics  of  maintaining  soil  fertility  and  structure  under¬ 
lie  many  management  practices  of  agriculturists  and  foresters. 

e)  Ground- water  quality  is  a  prime  concern  in  most  areas  of  the 
world  because  it  is  consumed  by  humans. 

f)  Run-off  is  a  serious  problem  in  cities,  due  to  the  excessive  use  of 
concrete  and  asphalt,  which  limit  infiltration  by  water. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  analyses  of  soil  samples  to  determine  physical  properties; 

b)  classifications  of  land  areas  for  capability  purposes; 

c)  laboratory  reports. 

6-  Safety  Considerations 

a)  The  teacher  should  establish  appropriate  safety  procedures 
before  taking  students  to  any  lead  sites. 

b)  Students  with  cuts  or  wounds  should  avoid  contact  with 
fertilizers. 

c)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  study  the  land-use-capability  classifications  for  forestry  or 
recreation; 

b)  investigate  the  taxonomic  classification  system  for  soils,  based 
on  soil-profile  differences; 

c)  conduct  a  library  research  project  on  the  biodegradability  of 
specific  pesticides; 

d)  investigate  the  possible  use  of  local  sludge(s)  as  soil  nutrient 
sources. 


Optional  Unit  3:  Soils:  An  Essential  Resource 


8.  Some  Teaching  Suggestions 

a)  If  students  did  not  study  soil  science  in  Grade  10  advanced- 
level  environmental  science,  an  overview  of  such  topics  as  soil 
formation,  soil  composition,  soil  texture,  soil- water  types, 
plant  nutrients,  and  soil  pH  would  be  appropriate  before  they 
begin  this  unit. 

b)  A  field  trip  to  several  representative  sites  for  land  judging  can 
enhance  the  teaching  of  the  topic  of  land  capabilities  and  evalu¬ 
ation.  A  stopover  of  fifteen  to  twenty  minutes  at  each  site  is  usu¬ 
ally  sufficient  for  land  scoring  by  a  class. 

c)  Permanent  miniature  soil  profiles  could  be  made  to  illustrate 
characteristic  soil  profiles. 

d)  Various  soil  samples  are  needed  for  testing  soil  texture  and 
structure. 

e)  Students  are  often  interested  in  using  a  soil-capability  map  of 
the  local  area  to  check  their  evaluations  of  sites. 

f)  A  field  trip  to  a  local  landfill  or  waste-disposal  site  can  be 
instructional. 

g)  Soil-fertility  plots  on  some  school  grounds  might  be  possible  to 
demonstrate  management  practices. 
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Fish  and  Wildlife 
Conservation 

Time:  16  hours 


In  this  unit  students  consider  the  value,  behaviour,  and  conserva¬ 
tion  of  this  valuable  natural  asset.  By  becoming  more  aware  of  the 
role  performed  by  wildlife,  humans  can  appreciate  the  need  to 
conserve  wildlife  populations. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Canadian  wildlife 
Wildlife  habitats 
Behaviour  of  wildlife 
Population  ecology 

Wildlife  management  and  conservation 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  intrinsic  value  of  wildlife  and  of  the  value 
of  wildlife  to  humans  (2c); 

b)  a  curiosity  about  the  diversity  of  wildlife  in  Canada  (2a); 

c)  a  concern  for  the  necessity  of  maintaining  wildlife  habitats  for 
the  future  (3c); 

d)  caution  and  respect  when  they  encounter  animals  in  the  wild 
(4c). 

Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  observing  various  species  of  wildlife  (2a); 

b)  observing  factors  that  contribute  to  the  destruction  of  a  habitat 

(2c); 

c)  collecting  data  in  the  field  on  wildlife  populations  and  graphing 
and  organizing  these  data  (2a); 

d)  mapping  a  specific  habitat  to  show  the  species  that  are  present 
(2a). 


Environmental  Science,  Grade  12,  Advanced  Level  (SEN4A) 


Knowledge.  Students  will  be  expected  to: 

a)  identify  various  species  of  Canadian  wildlife  (2a,  2c); 

b)  list  the  ways  in  which  wild  animals  are  useful  to  people  (2  c); 

c)  identify  the  species  of  wildlife  normally  found  in  a  selected 
habitat  (2a); 

d)  identify  the  components  of  food  webs  (2b); 

e)  describe  the  effects  of  modifying  a  habitat  for  wildlife  (2e); 

f)  describe  the  mating  habits  and  territoriality  of  several  species  of 
wildlife  (2  f); 

g)  interpret  population  growth  curves  for  selected  animals ; 

h)  identify  the  principal  endangered  species  in  Canada; 

i)  explain  the  part  played  by  various  private  and  public  agencies 
in  attempts  to  manage  and  conserve  wildlife  (2g); 

j)  describe  management  and  conservation  methods  for  selected 
animals. 

2.  Student  Activities 

Students  are  to: 

*a)  identify  and  map  the  range  of  various  species  of  animals  within 
a  specific  habitat  (8b,  8c); 

*b)  examine  one  or  two  ecosystems  and  draw  food  webs  showing 
primary,  secondary,  and  tertiary  consumers,  producers,  scav¬ 
engers,  and  decomposers; 

c)  compile  a  list  of  wild  animals  used  by  humans,  giving  details  of 
the  density  of  the  population  and  the  purpose  for  which  the 
animal  is  used  (8c); 

d)  investigate  the  migratory  habits  of  waterfowl; 

*e)  investigate  the  effect  on  the  organisms  in  an  ecosystem  of  mod¬ 
ifying  their  habitat; 

f)  investigate  the  size  of  the  food  supply,  living  space ,  and  territo¬ 
riality  for  a  selected  species; 

g)  investigate  how  government  and  private  agencies  attempt  to 
manage  and  conserve  wildlife  populations. 

3-  Applications 

a)  The  viewing  of  wildlife  is  one  of  Canada’s  most  popular  out¬ 
door  activities. 

b)  Hunting  and  fishing  are  popular  pursuits  in  Ontario. 

c)  Natural-resource  authorities  are  working  with  landowners  to 
preserve  wildlife  habitats. 

d)  Properties  can  be  landscaped  so  as  to  attract  wildlife. 

e)  Hunting  and  fishing  regulations  assist  in  wildlife  conservation. 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Optional  Unit  4:  Fish  and  Wildlife  Conservation 


4.  Societal  Implications 

a)  Some  Canadian  species  are  being  threatened  by  illegal  hunting. 

b)  The  survival  of  wildlife  often  takes  second  place  to  such  human 
activities  as  farming,  residential  construction,  and  oil 
exploration. 

c)  Wilderness  parks  often  bring  people  into  contact  with  species 
of  wildlife  rarely  seen  in  cities. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  ability  to  identify  various  wildlife  species; 

b)  data,  collected  and  organized,  from  the  study  of  an  ecosystem. 

6-  Safety  Considerations 

0 

a)  Students  should  exercise  caution  when  studying  species  on 
location. 

b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7-  Possible  Extensions 

Some  students  might: 

a)  improve  the  habitat  of  a  local  wild  species  (e.g. ,  by  setting  out 
bird  feeders  or  nesting  boxes); 

b)  examine  the  trapping  industry  and  describe  the  laws,  permits, 
types  of  fur-bearing  animals,  and  methods  of  trapping; 

c)  investigate  the  effect  of  agriculture  or  industry  on  a  specific 
species; 

d)  study  the  behaviour  of  a  particular  species,  such  as  the  courting 
and  mating  habits  of  the  spruce  grouse,  by  direct  observation  in 
the  field; 

e)  examine  the  browse  line  of  deer  in  a  nearby  wooded  area; 

f)  investigate  the  hunting  of  endangered  species  for  black-market 
purposes  (e.g.,  elephants  for  tusks,  alligators  for  skin). 


8-  Some  Teaching  Suggestions 

a)  Guest  speakers,  such  as  conservation  officers,  can  add  interest 
to  the  discussions  in  this  unit. 

b)  A  field  trip  can  be  taken  to  a  nearby  conservation  area  to  study 
examples  of  good  and  poor  habitat  management. 

c)  Published  information  from  various  public  and  private  agen¬ 
cies,  such  as  the  Canadian  Wildlife  Service  or  the  Federation  of 
Ontario  Naturalists,  is  useful  in  this  unit. 

d)  A  visit  to  a  nearby  zoo  or  museum  to  see  examples  of  extinct  or 
endangered  species  can  be  worthwhile. 

e)  The  class  can  debate  an  issue  pertaining  to  wildlife  conservation. 

f)  It  should  be  emphasized  that  natural  habitats  should  not  be  dis¬ 
turbed  on  field  trips. 
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Optional  Unit  5 


Pests  and  Pest  Control 

Time:  16  hours 


This  unit  introduces  students  to  some  of  the  positive  and  negative 

features  of  pesticides  and  provides  them  with  some  direction  in 

their  analysis  of  the  pesticide  problem. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Types  of  pests 

The  need  for  pest  control 

An  investigation  of  a  pest 

Pesticide  control 

Harmful  effects  of  pesticides 

Alternative  methods  of  pest  control 

1.  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  an  appreciation  of  the  importance  of  pest  control  to  human 
food  supply,  health,  convenience,  and  forest-product  supply 
(3a,3d,4d); 

b)  a  respect  for  pesticides  as  poisons  that  pose  a  threat  to  human 
health  (3c,  4a); 

c)  a  concern  for  the  environmental  problems  caused  by  toxic  pes¬ 
ticides  (4a); 

.  d)  an  appreciation  of  the  need  to  develop  non-toxic  means  of  pest 
control  (3a,  3b,  4b). 


Environmental  Science,  Grade  12,  Advanced  Level  (SEN4A) 


Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  classifying  pests  and  pesticides  (2a); 

b)  identifying  pests  and  pest  damage  (2a,  2b); 

c)  observing  the  characteristics  of  a  pest,  such  as  an  insect  or  a 
fungus  (2c); 

d)  inferring  which  features  of  pests  make  them  susceptible  to 
human  control  (2c,  2d). 

Knowledge.  Students  will  be  expected  to: 

a)  name  different  types  of  pests  and  give  examples  of  each .  These 
could  include  weeds  (e.g.,  wild  mustard),  insects  (e.g.,  aphids), 
fungi  (e.g.,  apple  scab),  rodents  (e.g.,  rats),  and  molluscs 
(e.g.,  slugs)  (2a); 

b)  describe  the  harmful  effects  of  various  types  of  pests,  such  as 
insects  as  disease  vectors,  weeds  as  competition  for  plant 
crops,  rodents  as  consumers  of  harvested  crops,  insects  as  para¬ 
sites  of  livestock,  insects  as  consumers  of  forest  trees,  and  slugs 
as  consumers  of  ornamental  plants  (2b,  8b); 

c)  compare  monocultures  with  other  types  of  culture  with 
respect  to  their  susceptibility  to  pests; 

d)  identify  the  features  of  a  selected  pest  that  make  it  susceptible 
to  human  control  (2c,  2d); 

e)  classify  pesticides  according  to  pest  (insecticide,  fungicide,  her¬ 
bicide,  molluscicide,  rodenticide),  mode  of  invasion  of  the  pest 
(contact,  digestive,  systemic),  spectrum  of  the  pesticide  (broad 
versus  selective),  durability  (persistent  versus  degradable), 
form  (dust,  wettable  powder,  emulsifiable  concentrate,  gas), 
and  chemical  structure  (inorganic  versus  organic  or  first  gener¬ 
ation  versus  second  generation)  (2e); 

f)  explain  how  pest  species  develop  resistance  to  pesticides; 

g)  state  the  safety  precautions  that  should  be  taken  in  applying, 
storing,  or  disposing  of  pesticides; 

h)  describe  the  path  that  pesticides  take  in  food  chains  and  food 
webs  and  explain  the  multiplier  effect  (2f); 

i)  explain  the  risk  of  pesticide  contamination  on  or  in  food 
products; 

j)  describe  some  alternatives  to  chemical  pest  control,  such  as 
third-generation  pesticides  (hormones),  natural  predators,  nat¬ 
ural  diseases,  sterile  male  release,  diversity  in  forests,  crop  rota¬ 
tion,  sex  attractants,  mechanical  control,  and  the  development 
and  use  of  resistant  strains  of  crops; 

k)  describe  an  integrated  pest-management  program  for  a  hypo¬ 
thetical  crop  and  pest  (2h). 
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Optional  Unit  5:  Pests  and  Pest  Control 


2-  Student  Activities 

Students  are  to: 

*a)  examine  and  identify  living  or  preserved  examples  of  pest  spe¬ 
cies  and  classify  the  pest  species; 

*b)  examine  samples  (or  projection  slides)  of  pest  damage  and  sug¬ 
gest  the  possible  agent  causing  the  damage  (8b); 

*c)  examine  cultured  or  preserved  specimens  of  a  pest  species  to 
investigate  its  life  cycle  and  infer  ways  of  controlling  the  pest; 

d)  dissect  a  pest  insect,  or  examine  a  pest  fungus,  to  determine  the 
anatomical  or  morphological  features  of  the  pest; 

e)  examine  the  labels  from  several  pesticide  containers,  classify 
the  pesticides  according  to  selected  criteria,  and  record  from 
the  label  the  methods  of  application  and  the  safety  recommen¬ 
dations  (6, 8a); 

f)  construct  food  chains  and  food  webs  to  trace  the  path  of  pesti¬ 
cides  in  the  environment; 

g)  compare  the  mode  of  action  of  a  herbicide,  such  as  2,4-D,  on 
plants,  such  as  dandelion,  corn,  grass,  and  beans,  and  the  sus¬ 
ceptibility  of  the  plants  to  the  herbicide  (8c); 

h)  design  an  integrated  pest-management  program  for  a  hypothet¬ 
ical  crop  and  pest. 

3-  Applications 

a)  Pest  identification  and  control  is  essential  in  order  to  maintain 
economical  and  high  levels  of  food  production. 

b)  Human  diseases  carried  by  insect  vectors  have  been  reduced  by 
the  use  of  insecticides. 

c)  Toxic  pesticides  must  be  stored  and  applied  in  a  safe  manner. 

d)  Monocultures  are  susceptible  to  pest  damage  and  invariably 
require  some  form  of  pest  control. 

e)  A  knowledge  of  a  pest’s  structure  and  life  cycle  is  useful  in  con¬ 
trolling  the  pest. 

4.  Societal  Implications 

a)  Some  pesticides  have  caused  severe  damage  to  the  environ¬ 
ment,  not  only  at  the  original-use  site,  but  also  on  a  global  basis 
(e.g.,DDT). 

b)  Research  is  necessary  to  discover  alternatives  to  toxic  pesti¬ 
cides,  a  process  requiring  considerable  capital  and  several  years 
of  investigations. 

c)  Research  is  required  to  develop  disease-resistant  strains  of 
crops. 

d)  Without  pest  control,  starvation  and  poor  health  would 
become  even  greater  world  problems  than  they  are  at  present. 


e)  Pest  species  frequently  mutate  to  form  strains  that  are  resistant 
to  pesticides. 

1)  The  use  of  pesticides  has  created  considerable  controversy  and 
some  lawsuits. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  classifications  of  pests  and  pesticides ; 

b)  ability  to  organize  and  communicate  data  (e.g. ,  laboratory 
reports  on  culturing  a  pest  species); 

c)  interpretations  of  data  from  pesticide  containers. 

6-  Safety  Considerations 

a)  The  poisonous  nature  of  pesticides  to  humans  must  be 
emphasized. 

b)  The  Pesticide  Act  should  be  consulted  concerning  the  use,  stor¬ 
age,  and  disposal  of  pesticides.  The  application  of  pesticides  on 
school  property  must  be  done  by  a  licensed  person. 

c)  The  manufacturers’  instructions  concerning  the  precautions 
needed  in  handling  pesticides  must  be  followed. 

d)  Students  should  wear  gloves  when  handling  pesticides. 
Although  their  hands  should  never  come  in  contact  with  pesti¬ 
cides,  they  should  wash  them  with  soap  and  water  after  han¬ 
dling  pesticides. 

e)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 

7.  Possible  Extensions 

Some  students  might: 

a)  prepare  test  plots  on  the  school  grounds  to  test  the  effective¬ 
ness  of  one  or  more  herbicides; 

b)  design  an  experiment  to  determine  the  effect  of  different  con¬ 
centrations  of  2,4-D  on  a  specific  plant; 

c)  design  an  experiment  to  determine  the  effect  of  the  recom¬ 
mended  concentration  of  2,4-D  on  a  specific  plant  at  different 
stages  of  growth; 

d)  prepare  a  fact  sheet  on  a  pest  in  the  local  district,  including 
information  such  as  the  following:  means  of  identification,  life 
cycle,  host  species,  predatory  species,  benefits  of  the  pest, 
damage  caused  by  the  pest,  methods  of  control. 


‘See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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Environmental  Science,  Grade  12,  Advanced  Level  (SEN4A) 


8.  Some  Teaching  Suggestions 

a)  Tables  are  an  appropriate  way  of  recording  data  collected  from 
pesticide  labels. 

b)  Examples  of  damage  caused  by  pests  should  be  collected  at  the 
appropriate  season  and  stored  for  future  use. 

c)  Plants  used  for  the  testing  of  herbicides  should  be  grown  in 
advance.  Seed  packages  indicate  the  length  of  time  required  for 
germination. 

d)  Both  the  positive  and  negative  effects  of  pesticides  should  be 
considered. 

e)  The  use  of  pesticides  in  some  situations,  such  as  public  parks, 
ornamental  gardens,  and  forests  can  be  discussed. 


Optional  Unit  6 


Plants,  People,  and 

Environmental 

Modification 

Time:  16  hours 


In  this  unit  students  explore  some  possible  uses  of  plants  as  archi¬ 
tectural  or  engineering  elements  and  as  modifiers  of  climate  and 

pollution. 

This  unit  may  be  divided  into  topics  such  as  the  following: 

Engineering  uses  of  plants 

Architectural  uses  of  plants 

Climatic  control 

Aesthetic  uses  of  plants 

The  rehabilitation  of  quarries  and  waste  areas 

Plant  characteristics  and  requirements 

Planting  procedures 

The  maintenance  of  plantings 

1-  Objectives 

Attitudes.  Students  will  be  encouraged  to  develop: 

a)  a  curiosity  about  the  diversity  of  plants  and  their  multitude  of 
possible  uses; 

b)  a  concern  about  practices  or  projects  that  will  damage  or 
destroy  vegetation; 

c)  an  appreciation  that  plants  require  careful  husbandry  in  order 
to  achieve  their  potential; 

d)  an  appreciation  of  the  positive  emotional  effects  that  can  be 
achieved  by  the  use  of  plants  (3g,  4a,  4d). 
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Optional  Unit  6:  Plants,  People,  and  Environmental  Modification 


Skills.  Students  will  have  the  opportunity  to  develop  skill  in: 

a)  making  sketches  showing  general  architectural  and  engineer¬ 
ing  uses  of  plants  (2b,  2e,  2g); 

b)  testing  hypotheses,  for  example,  on  the  use  of  trees  to  modify 
climate  (2c); 

c)  measuring  various  environmental  conditions ,  such  as  light 
intensity  with  a  light  meter,  precipitation  with  a  rain  gauge, 
wind  velocity  with  an  anemometer,  and  relative  humidity  with 
a  psychometer  (2c); 

d)  drawing  a  plan  to  scale,  for  example,  an  energy-efficient  home 
site  (2  f). 

Knowledge.  Students  will  be  expected  to: 

a)  describe  the  effect  of  plants  used  to  produce  architectural  fea¬ 
tures  such  as  walls  (hedges),  roofs  (tree  canopies),  and  floors 
(turf)  (2b); 

b)  describe  the  use  of  plants  to  designate  areas,  to  provide  screen¬ 
ing  or  privacy,  and  to  reveal  progressively  interesting  views 
(2b); 

c)  describe  kinds,  species,  and  placements  of  plants  suitable  for 
reducing  glare  from  floodlights,  headlights,  pools,  walls,  and 
glass;  reducing  the  sound  from  highway  or  train  traffic;  control¬ 
ling  pedestrian  traffic;  limiting  soil  erosion;  and  improving 
water  retention  (2a,  2f); 

d)  explain  the  use  of  plants  to  insulate  homes  and  buildings  from 
heat  and  cold;  to  moderate  air  temperatures;  to  reduce  wind 
velocities,  relative  humidity,  and  precipitation;  and  to  direct 
snow  accumulations  (2c); 

e)  describe  the  steps  usually  involved  in  rehabilitating  old  quar¬ 
ries  or  waste  areas,  including  rough  grading,  tillage  or  scarifica¬ 
tion,  use  of  overburden,  stabilization  of  the  surface  by  grasses 
or  legumes  to  prevent  erosion,  the  planting  of  trees  and  shrubs, 
and  maintenance  after  planting  (2d,  2f,  2g); 

f)  list  suitable  plant  species  and  combinations  for  use  in  land- 
reclamation  projects  (2f); 

g)  name  suitable  plant  material  to  attract  particular  birds  and  small 
wildlife  to  backyard  sites; 

h)  describe  proper  planting  procedures  for  both  deciduous  and 
evergreen  trees  and  shrubs; 

i)  describe  the  maintenance  requirements  of  plantings,  including 
guying,  rodent  control,  fertilizing,  pruning,  watering,  and 
weed  and  pest  control. 


2.  Student  Activities 

Students  are  to: 

a)  experiment  to  show  some  uses  of  plants  for  engineering  pur¬ 
poses,  for  example,  to  limit  soil  erosion,  improve  soil- water 
retention,  limit  glare,  reduce  sound,  lessen  air  pollution,  and 
condition  air  by  cooling  (8a); 

*b)  make  sketches  showing  several  architectural  and  engineering 
uses  of  plants  (8a,  8b); 

*c)  design  an  experiment  and  carry  out  the  procedures  to  show  the 
effect  of  a  large  tree  or  plants  on  climate.  They  can  examine  the 
amount  of  precipitation  penetrating  the  foliage,  the  change  in 
wind  velocity  through  the  foliage,  the  changes  in  light  intensity 
and  temperature  caused  by  the  shading  of  the  foliage,  the 
changes  in  relative  humidity  caused  by  the  foliage,  or  the  loca¬ 
tions  and  amounts  of  snow  accumulation  (8a); 

d)  investigate  the  use  of  various  plants,  including  legumes,  on 
infertile  media  such  as  subsoil; 

e)  make  sketches  showing  the  use  of  groupings  of  trees,  shrubs, 
and  evergreens  for  aesthetic  purposes  (8b,  8c); 

*f)  make  a  plan  to  scale,  using  suitable  symbols  and  naming  the 
plant  material,  for  a  particular  quarry  or  waste-area  site,  park¬ 
land  area,  campground  area,  energy-efficient  home  site,  or 
snow-prone  farmyard  (8a-8c); 

g)  make  sketches  of  possible  arrangements  and  placements  of 
woody  plant  materials  for  a  quarry  or  wasteland  area  (8b); 

h)  design  a  large  shrub  or  tree  grouping,  naming  the  appropriate 
plant  material  (8b). 

3-  Applications 

a)  A  bank  or  slope  may  be  planted  with  trees  to  limit  soil  erosion. 

b)  An  outdoor  shopping  mall  may  be  cooled  by  an  adjacent  green- 
belt  or  by  a  canopy  of  tree  foliage  above  pedestrian  walkways. 

c)  Shrubs  bearing  berries  may  be  planted  in  a  backyard  to  attract 
particular  songbirds. 

d)  A  windbreak  may  be  planted  about  19  m  from  the  windward 
side  of  a  long  driveway  to  direct  snow  drifting. 

e)  Dense-foliaged  trees  may  be  planted  near  the  house  to  trap 
insulating  air. 

f)  Hedges  and  trees  may  be  planted  strategically  in  parklands  to 
direct  pedestrian  traffic  away  from  environmentally  sensitive 
areas. 

g)  Unsightly  views ,  such  as  construction  storage  areas ,  may  be 
screened  by  plantings  of  suitable  species. 

h)  The  proper  placement  of  a  shade  tree  on  a  home  property  may 
provide  shade,  cooler  air,  and  air  movement  for  a  desired  por¬ 
tion  of  a  patio  for  the  time  of  day  of  most  probable  use. 


*See  the  subsection  entitled  “Student  Activities”  on  page  5. 
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4.  Societal  Implications 

a)  U rban  business  centres  and  shopping  malls  can  be  made  more 
climatically  comfortable  by  the  wise  use  of  trees  and  other 
plant  material. 

b)  The  proper  placement  of  buildings  and  plantings  can  effec¬ 
tively  reduce  wind  funnelling  and  undesirable  snow  accumula¬ 
tions  in  certain  areas. 

c)  Soil  and  water  are  two  valuable  and  necessary  resources  that 
can  be  conserved  by  the  reforestation  of  headwaters  and 
headlands. 

d)  Noise  is  a  characteristic  pollutant  in  urban  areas,  but  one  that 
can  be  greatly  modified  by  the  strategic  placement  of  plantings. 

e)  Energy  efficiency  in  the  heating  of  homes  and  buildings  can  be 
improved  through  the  use  of  suitable  plantings. 

f)  Air-pollution  control  mainly  requires  a  reduction  at  the 
sources.  However,  existing  pollutants,  both  gaseous  and  aero¬ 
sol,  are  greatly  reduced  in  quantity  by  plantings. 

g)  Many  waste  areas,  such  as  strip-mining  areas,  tailings  areas,  and 
old  quarries,  can  be  turned  into  useful  sites  such  as  parks  and 
forests  by  the  wise  use  of  overburden  and  plant  material. 

h)  Run-off  of  waters  is  a  major  concern  in  large  urban  areas  and 
can  be  greatly  reduced  by  decreased  paving,  the  clustering  of 
buildings,  and  increased  vegetation. 

5-  Evaluation  of  Student 
Achievement 

At  least  40  per  cent  of  the  term  mark  for  this  unit  is  to  be  based  on 

students’: 

a)  sketches  showing  several  architectural  and  engineering  uses  of 
plants; 

b)  designs  of  experiments  to  show  the  use  of  plants  in  climate 
control; 

c)  plans  for  using  plants  to  improve  a  particular  site . 

6-  Safety  Considerations 

a)  Appropriate  safety  policies  should  be  established  for  any  field 
trips  to  such  areas  as  parklands,  quarries,  urban  centres,  or 
malls. 

.  b)  For  further  information  on  safety,  teachers  should  refer  to 
Part  1 ,  section  9,  of  this  guideline. 


Environmental  Science,  Grade  12,  Advanced  Level  (SEN 4 A) 


7.  Possible  Extensions 

Some  students  might: 

a)  make  sketches  showing  the  use  of  plants  to  enhance  or  comple¬ 
ment  architecture,  unify  divergent  physical  elements  such  as 
different  building  styles,  frame  scenes,  soften  architecture,  pro¬ 
vide  backgrounds,  or  provide  reflections  or  silhouettes; 

b)  investigate  possible  plant  species  for  specific  uses; 

c)  plant  some  trees  or  shrubs  on  the  school  grounds  or  as  part  of  a 
community  planting  project. 

8-  Some  Teaching  Suggestions 

a)  This  unit  provides  the  opportunity  to  discuss  the  use  of  plants 
to  control  the  environment.  Current  literature  is  available  cov¬ 
ering  the  principles  involved  and  providing  suitable  back¬ 
ground  information  that  will  suggest  desirable  areas  for 
elaboration  or  specialization. 

b)  Sketching  and  drawing  plans  to  scale  are  important  facets  of 
this  unit.  These  skills  are  very  useful  in  park,  urban,  and  home 
planning. 

c)  Visual  aids  should  be  accumulated  to  illustrate  some  of  the  con¬ 
cepts  of  good  design. 
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Optional  Unit  8:  Locally  Designed  Unit 


Optional  Unit  7 


•  Outdoor  (Survival)  Skills 

Time:  16  hours 

\ 


Optional  Unit  8 


Locally  Designed  Unit 

Time:  16  hours 


This  unit  is  the  same  for  the  Grade  12  advanced-level  environmen¬ 
tal  science  course  as  optional  unit  7,  “Outdoor  (Survival)  Skills” 
(see  page  32),  is  for  the  Grade  10  advanced-level  environmental  sci¬ 
ence  course.  Teachers  should  plan  this  unit  so  that  it  complements 
the  unit  in  Grade  10. 


This  unit  is  the  same  for  the  Grade  12  advanced-level  environmen¬ 
tal  science  course  as  optional  unit  8,  “Locally  Designed  Unit”  (see 
page  34),  is  for  the  Grade  10  advanced-level  environmental  science 
course.  A  different  set  of  topics  from  those  selected  in  the  previous 
grade  should,  of  course,  be  selected  for  this  course. 
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Appendixes 


A.  Science  Courses  and  Their 
Course  Codes 

B.  The  Table  of  Contents  of 
Parti 
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Appendix  A 


Science  Courses  and  Their 
Course  Codes 


The  secondary  school  guideline  courses  in  science  authorized 


under  this  document  have  the  following  course  codes: 

Science,  Grade  9,  Basic  Level .  SNC 1 B 

Science,  Grade  9,  General  Level .  SNC1G 

Science,  Grade  9,  Advanced  Level .  SNC  1 A 

Science,  Grade  10,  Basic  Level .  SNC2B 

Environmental  Science,  Grade  10,  General  Level .  SEN2G 

Science,  Grade  10,  General  Level .  SNC2G 

Environmental  Science,  Grade  10,  Advanced  Level .  SEN2A 

Science,  Grade  10,  Advanced  Level .  SNC2A 

Science,  Grade  11 ,  Basic  Level .  SNC3B 

Applied  Biology,  Grade  1 1 ,  General  Level .  SB  A3  G 

Applied  Chemistry,  Grade  1 1 ,  General  Level .  SCA3 G 

Environmental  Science,  Grade  11 ,  General  Level .  SEN3G 

Biology,  Grade  11,  Advanced  Level .  SBI3A 

Chemistry,  Grade  1 1 ,  Advanced  Level .  SCH3A 

Science,  Grade  12,  Basic  Level .  SNC4B 

Environmental  Science,  Grade  12 ,  General  Level .  SEN4G 

Geology,  Grade  12,  General  Level .  SGE4G 

Applied  Physics,  Grade  12 ,  General  Level .  SPA4G 

Environmental  Science,  Grade  12,  Advanced  Level .....  SEN4A 

*  Geology,  Grade  12,  Advanced  Level .  SGE4A 

Physics,  Grade  12,  Advanced  Level .  SPH4A 

Technological  Science,  Grade  12 ,  General  Level .  STE4G 

Biology,  OAC .  SBI0A 

Chemistry,  OAC .  SCH0A 

Physics,  OAC .  SPH0A 

Science  in  Society,  OAC .  SSOOA 
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The  following  general  rules  govern  science  course  codes: 

All  science  course  codes  begin  with  an  S. 

SNC  identifies  a  course  that  has  only  the  name  “Science”. 

Where  one  word  other  than  “Science”  describes  the  course,  the 
first  two  letters  of  that  word  follow  the  S(e.g.,  SBI  means  “Sci¬ 
ence,  Biology”  or  simply  “Biology”;  SEN  means  “Science, 
Environmental”  or  “Environmental  Science”). 

Where  two  words  other  than  “Science”  describe  the  course,  the 
initial  letters  of  those  words  are  used  (e.g. ,  SCA  means  “Science, 
Chemistry  Applied”  or  simply  “Applied  Chemistry”). 

The  fourth  character  in  the  course  code,  1,  2,  3, 4,  or  O,  rep¬ 
resents  Grade  9, 10, 1 1 , 12 ,  or  an  OAC  respectively. 

The  fifth  character  represents  the  level  of  difficulty:  B  for  basic, 
G  for  general,  or  A  for  advanced. 

For  further  information  on  course  codes,  refer  to  the  Manual for 
the  Common  Course  Code  (Toronto:  Ministry  of  Education,  Ontario, 
1986). 
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B.  The  Table  of  Contents  of  Part  1 
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10.  Values  in  Science  Education 
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